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_By TYREE L. BELL 


General Superintendent, F. P. McElwrath, Corsicana, Tex. 


HE ever increasing demand for 

more, better and cheaper roads has 
mobilized the joint interest of road 
builders, engineers, contractors and 
equipment manufacturers into develop- 
ing methods and plants for road con- 
struction that, for improved efficiency, 
dependability and constantly advancing 
technic, could well serve as an inspira- 
tion in accomplishment to all other lines 
of human endeavor. 


Plant Management.—The building of 
concrete roads for modern demands is 
simply a proposition of manufacturing 
a standardized product in quantity pro- 
duction with maximum economy in time 
and expense. Manufacturing calls for 
machinery and labor. In the case of 
road building, the undertaking is 


usually entrusted to a contractor. The 
contractor’s object is to do good work 
and at the same time obtain a profit 
from his work. His opportunity for 
obtaining a profit is largely dependent 
upon the machinery which he uses and 
the skill of the labor which he employs. 
Therefore, the selection of machinery, 
its assemblage into a plant and the 
efficiency of its employment are of 
paramount importance to the con- 
tractor. 


Efficiency is no accident, nor is it to 
be had purely through energy and en- 
thusiasm. Efficiency ordinarily results 
only from careful systematic planning, 
from the determination of some specific 
course by which a desired result can be 
had and then from setting about with 
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tireless persistence to follow that 
course. It is the result of careful 
planning, hard work and good manage- 
ment. 


Into the remarkable development of 
the mechanizing of road building, there 
has come an intricate problem of plant 
management. Machines have been im- 
proved so wonderfully weil and so many 
new machines have been developed, that 
contractors have been so preoccupied in 
keeping abreast of all the physical im- 
provements in machinery that they 
have had scant time for the economic 
study of assemblages of machines into 
construction plants. Yet, progress in 
output demonstrates that they have 
harnessed together the greatly in- 
creased capacities of machines to the 
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A Proportioning Plant on a Willacy County, Tex., Job. 


potentialities of plant coordination and 
close time control of operating pro- 
cedure. The contractor’s task has been 
to select, from a mass of available 
good equipment, that equipment which 
will best fit his proposed scheme of 
operation, to perfect the use of the 
machines until they give regularly all 
of the service of which they are capable 
and to coordinate their functions into 
a smoothly running plant. 


Efficient Rate of Production.—It is 
presumed that contractors are in the 
business to make money. Therefore, 
they are more interested in their rate 
of production as it affects their ulti- 
mate profit than they are in creating 
records. Except for an occasional spurt 
for advertising puposes and for its 
stimulating effect upon the morale of 
the crew, record runs reflect very little 
profit. A steady uniform production, a 
little less than the maximum theo- 
retical rate possible, is most likely to 
develop on the estimate the maximum 
number of square yards per month. 


Paving is to be viewed as a series of 
operations, each perfori.ied at a rate 
which yields production in harmony 
with all the others. The paving mixer 
is the key producer, the pace maker, 
for the entire plant. The other ma- 
chines and the crew must be assembled 
around the basic idea that their inter- 
dependent production efforts must be 
balanced and co-ordinated around the 
paver. In the sequence of operations 
which must be performed each element 
must be scheduled to do its part a little 
in excess of the capacity of the pace- 
making mixer, so that short delays need 
not affect the output of the mixer. 


In addition to the purchased ma- 
chines, a concrete road plant utilizes 
an untold number of auxiliary devices, 
special hand tools and various innova- 
tions that have been developed to fill 
some particular need. A visit to any 
paving job will invariably disclose some 
such evidence of ingenuity well worth 
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remembering and carrying back to your 
own outfit. 


Management of Crew.—With the 
equipment and the job layout selected, 
the human element next enters in the 
organization of the crew. Manual la- 
bor has been practically abandoned and 
replaced with power driven machines. 
Fewer men are needed and better men 
can be afforded. A crew of definite 
size and organized to do definite tasks 
should be established, in accordance 
with the teachings of experience and 
job conditions. Knowing how many 
men and the kind of men that are 
needed, and seeing to it that the work 
is properly done with that number of 
men and no more, is one of the chief 
functions of proper plant management. 
Into that crew must be brought loyalty, 
efficiency and enthusiasm. Each mem- 
ber of it, from the superintendent down 
to the water boy, must be instilled with 
the spirit that the mixer must be kept 
running, that today’s run must surpass 
the record. Machines of tremendous 
capacity and plants of special arrange- 
ment are employed on a few isolated 
jobs; some of the antiquated small- 
capacity plants are still in use, but the 
concrete road building plant and the 
methods of its operation most generally 
found anywhere in the United States, 
embodies a standardization with which 
most of us are familiar. 


The writer’s experience as a con- 
tractor has been limited to the south- 
east. But, from what he has seen and 
read of the plant operation of con- 
tractors in other sections, he is con- 
vinced that as he describes a Texas 
plant and its proper employment, he 
typifies that which is standard in New 
Jersey, Illinois or California. 


As has been said, paving is to be con- 
sidered as a series of interdependent 
operations. For the purpose of this 
discussion, the operations will be classi- 
fied as Rough Grading, Material Batch- 
ing, Hauling, Water Supply, Form Set- 








ting and Fine Grading, Mixing, Finish- 
ing, Curing and Shouldering. 

Rough Grading.—It will be assume: 
that the rough grading had been com- 
pleted during a previous season; there- 
fore this discussion will not go int» 
detail concerning that operation. It is 
difficult to generalize on the rough 
grading, because the character of the 
work to be done varies so greatly. The 
specifications and the design of the em- 
bankment, the topography of the 
country, the nature of the soil and the 
season for doing the work all require 
consideration in determining how the 
rough ‘grading should be done. 

The methods of grading, in them- 
selves, have not shown the same de- 
gree of improvement as has the surfac- 
ing. The fresnoes and wheel scrapers 
of the south and southwest still keep 
the price of dirt work at such a low 
figure that it is not sufficiently attrac- 
tive to interest the efforts of alert con- 
tractors. The jobs are let in small 
units and light yardage. Little thought 
is given as to how the work should be 
done, other than to sub-contract it 
to underequipped and underfinanced 
“gypo” subs. In other sections of the 
country, this condition does not seem 
to prevail, for the steam shovel, the 
dragline, the elevating grader and the 
new crawler wagon seem to be em- 
ployed regularly and to splendid advan- 
tage where heavier embankments have 
placed rough grading upon a more sub- 
stantial and better developed basis. 

Material Batching.—The provision of 
sufficient equipment with trackage and 
storage room to insure to a certainty 
at all times an adequate supply of pro- 
portioned materials available and ready 
for transportation to the mixing plant, 
is of fundamental consideration in a 
material yard layout. The plant ar- 
rangement to be discussed here is prac- 
tically standard on projects where local 
conditions offer no unusual problems. 
Exceptional circumstances sometimes, 
however, require special arrangements 
and equipment, and some remarkably 
efficient layouts have been developed. 

The dependability of the material 
supply is of importance in deter- 
mining upon a plant. If materials are 
not to be received in adequate amounts 
during the construction season, ar- 
rangements must be made in advance 
to stockpile the materials prior to the 
time of starting of the work. Certain 
states have such large programs under 
way that it has been found necessary, 
during the winter shutdown seasons, to 
place in storage a large percentage of 
the aggregates that are to be used in 
the spring work. This discussion, how- 
ever, will not be concerned with such 
plants, but will deal with an assumed 
job where all materials are to be re- 
ceived as they are needed. 

The equipment required for such a 
plant for this assumed job consists of 
a crane and an overhead bin, equipped 
with measuring devices, and, for auxil- 
iary service, special trackage and a 


July 














July 
ish - 


mel 
om- 
ere- 
int 
t is 
ugh 
the 


em- 
the 


lire 
the 


2m- 
de- 
‘ac- 
ers 
Pep 
low 


dy 


\C- 


a 
f 
d 





1929 


cement warehouse. The crane usually 
is of the crawler type, full revolving, 
and handling a clam-shell bucket rang- 
ing in size from %-yd. to 1%-yd. If 
the capacity of the crane and the skill 
of the operator are sufficient, all of the 
unloading and proportioning sufficient 
for the full requirements of a 7-sack 
mixer can be accomplished during day- 
light hours with the one crane. Quite 
frequently, however, it is found that a 
night operator is necessary, in order to 
unload out of cars into storage enough 
of the materials to free the regular 
operator from a part of the car unload- 
ing, that he may concentrate on keep- 
ing the bins full by digging largely 
from the stockpiles. Greatly increased 
operating speed can be obtained by 
loading directly from the stockpiles to 
the bins, rather than from tightly 
packed cars to the bins. 

The amount of trackage needed de- 
pends upon the switching service that 
the railroad company provides, and the 
number of cars required for a full 
day’s supply of material. The ordinary 
job will get the yard switched only once 
during the 24 hours. The crane, bins 
and stockpile are ordinarily set near the 
middle of the unloading track. The 
loaded cars are spotted on one side of 
the crane, and as they are unloaded 
they are shunted past the crane to the 
other end of the track, which had been 
left empty for their reception. There- 
fore, the length of track necessary is 
twice the combined length of a string 
of cars of capacity sufficient to hold the 
usual day’s requirement of materials. 
The track must be maintained so that 
both empty and loaded cars may be 
moved readily by the crane, a tractor 
or a winch. Special attention must be 
given to the drainage of the material 
yard, particularly around the runways 
of the trucks and the crane. A road- 
way for the trucks, passable under 
loads at all times, providing a straight 
drive through the yard, with no back- 
ing or sharp curves, should be laid out 
and maintained. 

Storage of aggregates in stockpiles 
should be provided as insurance against 
delays in transit. Sufficient of each of 
the aggregates should be in storage at 
all times, to bridge any reasonable gap 
in the shipment or delivery of either 
of them. 

Cement storage should be provided 
on the same basis; that is, enough 
cement should always be kept on hand 
to compensate for any ordinary delay 
likely to occur between the time of 
placing orders and delivery at the site. 
In addition, space must be always avail- 
able to provide for the storage of all 
cement likely to be in transit at the 
time of a shutdown, occasioned by 
weather or other interference. Shelter 
nust also be provided for sack-shaking 
ind the storage of the empty sacks. 
A sack shaker and a sack baler are 
indispensable machines. 


Bins of varied sizes and designs are 
available. A single bin, separated into 
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sections, that is sufficiently rigid and 
strong to withstand any and all stresses 
possible to be put upon it through 
erratic loading, yet light and mobile 
enough to be dismantled, transported 
and re-erected at a minimum expendi- 
ture of time and money, is preferred. 

The bin should be of a size to hold 
a sufficiency of both aggregates neces- 
sary to insure against the bins becoming 
empty during the time required for the 
crane operator to replace a broken cable, 
the delay most frequently experienced 
in the material yard. 

If a large quantity of material has 
for any reason been accumulated in 
storage, auxiliary equipment can 
usually be used to advantage.- Bucket 
leaders, conveyors or auxiliary cranes 
are examples. In case of exceedingly 
long hauls or other special conditions, 
it is sometimes economical to place 
materials in intermediate stockpiles 
along the site of the job. Rehandling 
and proportioning can then be done by 
the standard plant or auxiliary material 
handling equipment. 

The measurement of aggregates by 
weight is now an accepted and estab- 
lished practice. Certain highway de- 
partments specify weight measure- 
ments; others favor them. Weight 
measurement provides for greater ac- 
curacy in the proportioning of aggre- 
gates. The bulking of sand due to the 
moisture content and the varying void- 
age of the coarse aggregate seriously 
disrupt the accuracy of volume pro- 
portioning. Several manufacturers 
offer weighing batchers that are en- 
tirely satisfactory in operation and 
comparatively inexpensive. Changes 
in the sizes of the batchers can be made 
accurately with ease and with no delay. 

An opportunity for economy is offered 
through the use of bulk cement. By 
means of bucket elevators and screw 
conveyors in combination with weigh- 
ing devices, bulk cement has been quite 
successfully handled on many jobs. The 
method of handling cement most gen- 
erally used, however, still requires 
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shipment in cloth bags. The bags are 
loaded from the warehouse or directly 
from the cars on to the trucks, by which 
means they are transported to the 
mixer, the cement being dumped on to 
the aggregates just before the truck is 
dumped into the skip of the mixer. 


Hauling. — Road building is es- 
sentially a problem of the transporta- 
tion of materials. The means of such 
transportation ordinarily employed in 
the different communities vary little at 
the present time. Slight opportunity 
is offered for improvement of the 
standard methods. The means of haul- 
ing most widely used still remains the 
truck. For hauling one, two or three 
batches of proportioned materials, the 
truck is the most flexible and adaptable 
transportation means that we have. 
The present tendency is to employ mul- 
tiple-batch trucks equipped with dual 
rear wheels and amplified transmis- 
sion, replacing the lighter single-batch 
trucks. Most contractors still depend 
upon hiring whatever trucks are neces- 
sary from local sources and paying 
them on a batch-mile basis. However, 
other contractors prefer to own and 
operate their own trucks, as to them 
the disadvantage of a probable in- 
creased cost of operating a privately 
owned fleet is offset by the assurance 
of the availability at all times of the 
proper number of trucks, and the full 
control of their operations—a condi- 
tion not possible where the trucks are 
hired. If trucks are used, there should 
be a sufficient number of them em- 
ployed to insure there being at the 
mixer always enough trucks standing 
by to remove any possibility of the 
mixer waiting for a batch. The num- 
ber necessary is dependent upon the 
speed of the truck, the length of haul 
and the time required at the material 
yard for batching. Any money spent 
by the contractor in the maintenance of 
roads, which will assist the trucks to 
maintain their full speed, without hav- 
ing to slow down for bad holes or bar- 
riers, will greatly react to his benefit. 
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A turntable on the job will reduce 
the time of backing and turning of the 
trucks. It will eliminate lost time in 
backing long distances, it will reduce 
the lost time due to the blockading of 
the roads occasioned by the truck try- 
ing to turn, it will protect the subgrade 
and the form line from being disturbed 
by the turning and backing of the 
trucks and incidentally it will save an 
immense amount of wear and tear on 
the trucks themselves. 

The narrow-gauge railway is used to 
good advantage in certain localities. 
Those contractors who first put them to 
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aptly said that “the water supply is 
the life of a paving job, and the pump 
is the heart of the water supply.” 
When the pump stops, the work stops. 
Second only to delays of management, 
the Bureau of Public Roads’ time 
studies show that more time is lost 
by paving outfits from the failure of 
water supply than from any other in- 
dividual cause. Yet, such a condition 
can be easily improved and the assur- 
ance of an adequate supply of water 
provided at no great expense. Pump- 
ing outfits have been so greatly im- 
proved in the last few years that today 
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work are still using them, and though 
their statements of expense seem to 
justify a continuance of their operation, 
other contractors are seemingly loath 
to adopt their use. 

Narrow-gauge railway plants require 
additional first cost, they require 
larger freight charges in moving from 
job to job and they occasion greater 
delay in their movement and installa- 
tion from one site to another than is 
the case with the more mobile trucks. 
In their favor, however, is the fact that 
the trains can be organizéd and 
scheduled upon a reasonably definite 
basis, minimizing the time lost by the 
mixer while waiting for loads. Such 
a plant is largely immune to bunching, 
breakdowns and ordinary road delays 
experienced by the truck plants. With 
proper track and cars, derailments 
seldom occur. 

The subgrading operation can be 
carried on with less interference and, 
consequently, at a reduced price. Since 
there is no hauling over the subgrade, 
it can be prepared accurately once, 
after which it remains unmolested until 
the time of placing concrete. 

A combination of narrow-gauge rail- 
road and trucks is a development of the 
last several years and offers splendid 
possibilities where the length of haul 
is extreme. 

Water Supply.—It has been most 


a half-dozen pumps specially designed 
for road building will, at an economical 
use of fuel, furnish a quantity of water 
ranging from 80 to 120 gal. per minute 
against a 500-lb. pressure, which 
amount should be sufficient for the full 
requirements of mixing and curing for 
the output of a 7-sack batch paver. 

From experiences of the speaker, it 
has been found that from 40,000 to 
60,000 gal. of water per day are some- 
times required during the hottest part 
of a Texas summer. Though such de- 
mands can be met by a single standard 
road pump in good condition by doing 
some of the curing at night, it is better 
practice to provide two independent 
pumps. 

It has been found especially advan- 
tageous, where the location of the 
water supply allows such procedure, in 
using two pumps, to keep one pump 
ahead of the mixer, that its supply and 
pressure will remain undiminished by 
the demands of curing, while the other 
pump is left behind to furnish curing 
water. Pumping from different sources 
and working against each other, the 
two pumps should in that way main- 
tain a constant pressure throughout 
the entire line, and neither mixing nor 
curing interfere with the other. Then, 
in the event of a shutdown, either 
pump could temporarily supply the 
combined needs of the entire job. 
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With the paver turning out a batch 
about every minute and twelve seconds 
water must be supplied into the meas 
uring tank to meet that demand. In 
other words, sufficient pressure an 
pipe capacity must be available to force 
into the tank, after one batch has been 
drawn off, sufficient water for another 
batch by the time it is needed for the 
next batch. Simple hydraulics will de- 
termine the necessary capacity of the 
water supply, but the pumping equip- 
ment, pipe sizing and placing, and con- 
struction practice are so standardized 
that, except in unusual cases, no par- 
ticular thought is given to hydraulic 
studies. 

Black iron pipe is universally used 
for carrying the water from the pump 
along the road. The pipe should be 
laid in the ditch in order to drain off 
any water from leakage and to keep 
the pipe from being covered up with 
excavation from the subgrade. The 
2-in. pipe of old is now being replaced 
with 2%-in. pipe and frequently 3-in. 
pipe, as the decreased friction anil 
greater capacity of the larger pipe 
compensate for the increased purchase 
cost and transportation charges. In 
laying the pipe line, relief valves should 
be placed both at the pump and at the 
mixer—the one at the pump protecting 
the pipe line and the pump from the 
shock of sudden stoppage; the one at 
the mixer protecting the hose and the 
water measuring devices of the mixer 
against extreme pressures. Drains 
should be provided at the troughs of all 
low places, while provisions for ex- 
pansion and contraction should be 
placed in accordance with the demands 
of temperature changes. 


As the water line is laid, tees should 
be placed at such intervals as is de- 
sired for connections for the mixer 
hose. The writer’s preference is to 
leave openings every 500 ft., providing 
for the use of a mixer hose 300 ft. long. 
As the pipe is laid, plugs should be 
placed immediately in all openings to 
prevent obstructions getting into the 
line. Each night during the paving 
operation, over a distance that repre- 
sents the next day’s run, plugs should 
be taken out and replaced with connec- 
tions for the mixer hose, providing gate 
valves and reducers. The mixer hose 
connections left behind from that day’s 
run are replaced with connections for 
the curing hose. With the proper use 
of valves, all hose can be changed 
without the loss of water or pressure. 
A large number of contractors use 
two mixer hose, that one may always 
be furnishing water to the mixer while 
the other is being moved ahead. Hose 
for the mixer in the very best obtain- 
able quality, in a 1% or 2-in. size, 
should be provided. 

Form Setting and Fine Grading.— 
Form setting and fine grading will be 
considered together as they are ihter- 
dependent operations. The methods and 
tools ordinarily employed are, to a 
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large extent, the same the country 
over. 


A 10-ton tractor pulling a 12-ft. blade 
grader first works over the rough 
grade. A cut to within 0.1 ft. of the 
exact subgrade should be made, it being 
presumed that the engineer had laid a 
running grade adapted to fit the re- 
sultant rough grade, and providing suf- 
ficient excavated materials for the full 
shoulder section. If dirt has to be 
hauled or if larger quantities have to be 
moved than a grader can economically 
handle, sufficient fresnoes or graders 
should be employed to get all such 
work well out of the way of the fine 
grading. It would be well if all grader 
and team work were kept a full mile 
in advance of form setting. 


Form grading and setting follow 
next. A most satisfactory form trench- 
ing machine, having a revolving cutter, 
has become a standard part of a con- 
tractor’s plant. This machine cuts a 
trench to an even and exact grade that: 
is wide enough for the setting of the 
steel forms. Its operation can be so 
accurately controlled that the forms 
may be placed directly on the cut with 
no necessity for tamping or bedding the 
forms. It has long been recognized 
that to secure smooth riding pavement, 
it is necessary to have strong, rigid and 
well set forms. While several makes 
of forms are on the market, the designs 
of all types are sufficiently similar to 
standardize the setting operation. 
Forms should be supplied in an amount 
at least twice that of a maximum day’s 
run. Economy in forms is pennywise 
economy. The farther in advance the 
forms are kept, the more economically 
can the subgrade crew work. The 
forms are a gauge and templet for both 
subgrading and finishing. Conse- 
quently, contractors have all along 
sought forms that have offered with 
ease of installation the greatest 
strength and rigidity. After the forms 
have been set, the subgrade is ordi- 
narily scarified thoroughly, from form 
to form, to a depth of 0.2 ft. A subgrad- 
ing machine, frequently equipped with 
an auxiliary scarifier, is next pulled 
along the forms, making an initial cut 
and leaving the subgrade slightly 
above the net grade. The surplus ex- 
cavated material is spread uniformly 
along the shoulders. The subgrade 
should then be lightly rolled with a 
power roller, weighing preferably from 
3 to 5 tons. When the subgrade has 
been rolled to a uniform compaction, 
the subgrader should again be run over 
it, a cut then being made to the exact 
neat lines of the section, and the ex- 
cavated material wasted. Pulled behind 
the paver, another subgrading machine, 
called a trail grader or subgrade planer, 
can be used to excellent advantage. 
Such a tool is a money maker for the 
contractor, in that it provides for an 
accurate last-minute control of the 
subgrade, repairing with dirt any dis- 
ruptions that have occurred since the 
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fine grading operation, which otherwise 
would have to be filled with concrete. 
It acts as both a templet and as a 
cutting tool. 

Mixing.—Paving mixers are prac- 
tically standardized. Any paving mixer 
ordinarily purchased by a contractor is 
a wonderfully efficient and dependable 
machine. Several sizes of pavers are 
still available, but as a result of the 
efforts of the Equipment Manufactur- 
ers’ Association toward standardization, 
and because it more nearly fits the con- 
tractor’s requirements and balances the 
capacities of the other units of his 
plant, the 28-E, or the 7-bag batch size 
machine is almost universally used. 

The mixer is the pace maker for the 
entire operation. It is the bottle-neck 
of the production. All the other ele- 
ments of the plant should be synchro- 
nized and organized to assist in secur- 
ing from the mixer its maximum 
capacity in output. The cycles of full 
operation of the different machines, 
under a 1-minute mix specification, will 
range from 1 minute and 10 seconds to 
1 minute and 25 seconds. Mechanical 
devices are now available to control 
the cycle of the operation, but as yet 
are not generally used, for as a rule 
an alert operator can get out of the 
mixer its maximum capacity, provided 
the other elements of the plant func- 
tion properly. To develop the full ca- 
pacity of the mixer, the operator must 
be able to make it hoist, mix, dump and 
travel simultaneously. 

Water measuring devices on paving 
mixers have been considerably im- 
proved during the last two years. The 
acceptance of the water-cement ratio 
theory has demanded greater accuracy 
in the control of the water. The manu- 
facturers have responded with water 
measuring devices which at any posi- 
tion of the mixer and at varying water 
pressures accurately measure and reg- 
ister the amount of water in the tank. 

Finishing.—A straight and rigid form 
line and a concrete of uniform con- 
sistency are the prime essentials of a 
good finish. The tools and machines 
to be employed, whatever they may be, 
cannot get the results of which they 
are capable without such assistance. 


Mechanical finishing machines are 
now universally used. Two types are 
available and both are good. Both are 
equipped with flat screeds, which in 
operation give the troweling finish de- 
manded in recent years. 

Specifications and the whims of 
certain engineers sometimes require 
special hand methods of finishing be- 
hind the machine. Such finishing is too 
dependent upon personal skill. A level 
unyielding form line and a properly 
functioning machine, in the opinion of 
the writer, provide a uniformity and 
mechanical exactness of surface finish 
not at all possible where hand tools 
are employed. 

Curing.—There is an increasing ten- 
dency to replace the old standard 
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methods of curing with the application 
of chemicals. These chemicals, accord- 
ing to their natures, require certain 
special tools for their distribution. 
Curing, however, in the majority of 
cases is still being carried on by cover- 
ing with earth and sprinkling with 
water, or by ponding. The greatest im- 
provement noticed in the curing opera- 
tion is the utilization of machines for 
putting dirt upon the slab. The ditch- 
ing machine and bucket wagon loader 
employing a conveyor to transport and 
distribute dirt over the slab, and the 
small trench backfiller are innovations 
which have been successfully demon- 
strated. 

Shouldering.—If the rough grading 
had been done with sufficient accuracy 
with reference to the grade of the slab, 
the material bladed out in the sub- 
grading operation should be entirely 
sifficient for the shouldering. The 
only work then necessary should be 
the blading into the slab of the exca- 
vated material and the proper shaping, 
by blading, of the shoulders and slopes. 
The demand for greater refinement in 
the dressing of the shoulders has oc- 
casioned the development of two ma- 
chines whose finished work should 
please the most exacting. Such ma- 
chines, running on the pavement, and 
with blades gauged by the edge of the 
slab, cut the shoulder and slope to the 
exact section of the plans. Both, how- 
ever, are dependent upon an adequate 
supply of loose material on top of the 
shoulders. 


In no other form of construction 
effort, in the opinion of the speaker, 
has greater progress been shown than 
in the development of the concrete road 
building plant and in its operation. 


Better roads and cheaper roads are 
being built. Such improvement has 
been brought about by the speeding up 
of operations, with consequent in- 
creased efficiency and reduced labor and 
overhead costs. If you will reflect that, 
within a period of five years, the out- 
put of paving plants has been doubled, 
that the labor cost has been cut in half 
and that the plant expense has not in- 
creased, you can appreciate the wonder- 
ful strides that have been made in the 
development of the concrete road build- 
ing plant and its operation. 

Acknowledgment.—Mr. Bell’s paper 
was presented on April 25 before the 
spring meeting of the American Society 
of Civil Engineers at Dallas, Tex. 


ee 

Last Bump Gate Disappears from 
Southwest Highways.—The old fash- 
ioned “bump gate” pivoted in the mid- 
dle and opened by wagon tongue or 
auto bumper has been removed from 
New Mexico’s highways to give way to 
a modern steel rail cattle guard. With 
the passing of the bump gates New 
Mexico highways have had eliminated 
the last archaism from the 10,000 miles 
of their length. 
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Some Observations 
on Highway Work 


Curing Concrete Pavements—Work- 
ing Periods 


By CHARLES R. WATERS 


District Engineer, New York State Department 
of Public Works, Buffalo, N. Y. 


AM inclined to think that taken by 

and large, perhaps the greatest 
source of annoyance and bother on a 
concrete pavement job is the sprinkling 
during the curing period. The depart- 
ment, on the basis of studies made, has 
taken steps to overcome the troubles 
but it has not entirely eliminated the 
difficulties. These studies tend to show 
that about one-half of the total water 
supply is needed for curing, one-quarter 
for wetting subgrade and one-quarter 
for the mixer. If you need 20 to 25 
gal. per minute in the mixer, you need 
80 to 100 gal. per minute for all pur- 
poses. On this basis a pump which will 
deliver 50 gal. per minute is too low 
in capacity. To supply 80 to 100 gal. per 
minute requires a co-related capacity 
of pipe and pump. It is the engineer’s 
duty to see that the use of the water 
for curing is given preferential atten- 
tion for it is more essential that the 
pavement already laid be properly cured 
than it is that farther new pavements 
be laid. 

In the hot weather of July and Au- 
gust, aside from the men needed to 
place and wet the burlap covers, one 
man for every 4,000 ft. of pavement 
subject to the curing process is not 
enough to properly sprinkle the pave- 
ment and keep the hay wet, or even 
damp. After the hay has become thor- 
cughly saturated, that is, after three or 
four days, one man to 4,000 ft. of pave- 
ment is generally satisfactory. 

Curing with Asphaltic Emulsion.—In 
1927 and 1928 we experimented with 
the curing of concrete pavements by a 
process new to us. We used asphaltic 
emulsion instead of hay and water. On 
the first job we cured one lane with 
hay and water and the other lane with 
emulsion. The resulting cores average 
200 lb. higher compressive strength for 
the emulsion cured side than for the 
other side. This year we cured a road 2.5 
miles long with emulsion and the engi- 
neer in charge is “sold” on the method, 
and hopes he never will be required to 
use the hay and water method again. 
Aside from the other factors, it is, un- 
der present prices, cheaper than our 
regular method. The cost is about 4 
or 5 ct. per square yard as against 7 
or 8 ct. for the water and hay method. 

After the bitumen is once applied 
there is nothing to be done. It is a 
great relief to an engineer and to a 
contractor’s superintendent to be free 
from the necessity of taking or sending 
men back to sprinkle pavements. It 
also lessens the pump and pipe line 
requirements. 
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For the benefit of those who are not 
familiar with this process, I would say 
that the emulsion is sprayed on the 
fresh pavement immediately after 
brooming. For this purpose a home- 
made paint gun may be used. The 
nozzle may be an ordinary %-in. hose 
nozzle, with air pressure taken from an 
air compressor. The quantity should 
amount to about 0.1 of a gal. per square 
yard. The pressure forces the emulsion 
into the green concrete but does not 
destroy the broom marks. 

Some people have objected to this 
process because it makes a white pave- 
ment black. What actually happens is 
that it makes a light gray pavement 
dark gray. The pavement, after it has 
been used for some time, looks about 
the same as any concrete pavement 
looks on a rainy day; the entire sur- 
face looks like a strip on which oil has 
dropped from passing cars for a year 
or two. In other ways the pavement 
looks like a concrete pavement. I think 
the benefits gained clearly outweigh the 
objections which have been raised, and 
I am certainly in hopes to see the ex- 
periment continued. 

Colored Pavement.—The town of Am- 
herst laid quite a yardage of colored 
pavement last summer. They used 1 
lb. of black iron oxide with every bag 
of cement. The resulting pavement is 
slate gray in color. This colored pave- 
ment was placed under the direction 
of the Portland Cement Association in 
a residential district for aesthetic pur- 
poses. 

Working Night Shifts.—I don’t know 
how many of you have tried night op- 
erations but it may be of interest to 
speak of the night work of two or 
three contractors in District No. 5. 
Mayer Brothers of Erie, Pa., had a con- 
tract for laying a Topeka job, 11 miles 
in length. The job was large and we 
were pressing them to duplicate their 
asphalt plant. They countered with the 
request to start a second shift working 
nights. After due consideration, we 
decided to allow the night work if it 
proved satisfactory. As this arrange- 
ment progressed it was found better to 
have the night shift lay the binder 
course and the day shift lay the top 
course. The difficulty at first was to 
obtain sufficient lights and to place them 
so as to minimize the high lights and 
shadows. After this feature was ad- 
justed no serious troubles were en- 
countered. Aside from completing the 
pavement on time there was another 
advantage; namely, by operating their 
plant continuously the maximum ef- 
ficiency was attained as the heat of 
the plant was not allowed to die down. 

On another job, Mr. McChesney, of 
McKibbin & Rockwell, started his fine 
grading gang at sunrise and had a sec- 
ond shift report about noon. For a 
few hours in the middle of the day 
there were two grading gangs on the 
job, one ahead of the other. This con- 
tractor was laying from 1,300 to 1,500 
lineal feet of pavement per day and 
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the double gang insured no delay fror 
lack of fine grade. 

Several contractors tried laying con 
crete pavement at night but they ali 
had trouble with various operating fea- 
ture and soon discontinued. 

There are only about 120 to 150 avail- 
able good working days out of the 365 
days in the year and I am inclined to 
think even though our experience to 
date has not been very satisfactory, 
that night operations may become more 
common in the future than they have 
been in the past. They are more apt 
to, if the size of contracts continue to 
increase. 


Some contractors lose a lot of time in 
getting started after they receive con- 
tracts. This is often during the best 
working days. Then they speed up 
about the time when frost begins to 
arrive in the Fall. I always figure it is 
a good plan for one of my supervising 
engineers to sit down with the contrac- 
tor and assist in the arrangement of his 
schedules. It is not difficult to take a 
give number of working days and figure 
out when each major item should be 
started and completed, and to decide 
what plant and materials are necessary 
to accomplish these purposes. Such a 
program is of great assistance both to 
the engineer and the contractor. 


As I see it, the difference between 
the successful and the unsuccessful con- 
tractor, other things being equal, is 
largely one of method, organization 
and attention to details. If one wishes 
to move his earth work only once, or 
to get 36 to 40 batches of concrete 
through the paver per hour, 360 to 
400 batches per 10-hour days, he needs 
to have a high class working organ- 
ization, and he also needs to push on 
the reins. Otherwise he will lose 
money, or waste time, probably both, 
and as a consequence his final figures 
will be seriousy affected. 


Acknowledgment.—The foregoing is 
abstracted from an address presented 
by Mr. Waters at the Third Annual 
Convention, New York State Highway 
Chapter, Associated General Contrac- 
tors of America, held at Syracuse, N. Y., 
in March, 1929. 


<i 
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New Gasoline Tax in India.—The new 
petrol tax imposing an additional two 
annas on the import duty of gasoline 
went into effect March 5, 1929. It is 
estimated that the revenue derived dur- 
ing the current fiscal year April 1, 1929, 
to March 31, 1930, will be 63 lakhs, or 
Rs. 6,300,000. The bill was passed 
upon the unanimous recommendation 
of the Government of India Road De- 
velopment Committee which took evi- 
dence last year and recently published 
their report. While it is intended that 
the revenue will be allocated to the 
provincial governments for road de- 
velopment, no plans have been formu- 
lated as to the share each province will 
receive, or upon what it will be based. 
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Where Shall Motor Vehicle License Fees and 





Gasoline Taxes Be Spent? 


WENTY-FIVE years ago, the 

United States was in a turmoil of 
discussion over the Panama Canal. The 
orators of the day stressed the gigantic 
cost. There were even intimations that 
it might wreck the nation. The Pan- 
ama Canal was built at a cost of $100,- 
000,000 more than the estimate. The 
years unrolled until this day and now 
we are thinking a bigger and better 
canal, knowing that in those years of 
yesterday we failed utterly to realize 
the possibilities of growth that are now 
directly within the line of our vision. 

With the coming of the automobile, 
came an urgent cry from automobile 
owners for paved highways. When the 
motor conveyances began to crowd the 
streets designed for horse-drawn ve- 
hicles, various necessities of regulation 
were recognized. The automobile owner 
acceded readily to license fees, because 
he realized that regulation protected 
him. 

Origin of the High License Fee.—In 
most of the states the legislatures 
seized on these facts and charged a 
high fee for licensing in order to raise 
funds for building and maintaining the 
roads. In this connection the example 
of Minnesota should be noted. Minne- 
sota has been an exception to the gen- 
eral rule and has always charged only 
a nominal license fee—just enough to 
cover the actual expenses connected 
with the licensing of automobiles. This 
condition was not true of the country 
at large. Since city streets were al- 
ready more or less improved and since 
the country roads were practically un- 
improved at the time of the coming of 
the automobile, it was quite natural 
that all the equities in the proposition 
be ignored in order that the country 
roads might be improved. The auto- 
mobile owner acquiesced in that, as he 
was most anxious that the rural roads 
be improved since he also wished to 
travel on them. These conditions have 
been responsible for the fact that most 
of the states that charge a high license 
fee for registering automobiles, spend 
practically all of these funds outside 
the corporate limits of the municipali- 
ties. At the same time, the major part 
ef fees collected in the various states 
was paid by those automobile owners 

‘tho dwell within the corporate limits 
f our cities. 


Even under these conditions the auto- 
\obile owner did not protest—at least 
‘e did not protest loudly. He realized 


The Views of a 
City Official 


By O. E. CARR 
City Manager, Fort Worth, Tex. 


that huge sums of money must be spent 
for his convenience and that highways 
could not be paved excepting through 
the expenditure of vast sums of money. 

Now we are embarked on a stu- 
pendous program of highway construc- 
tion. The authorized Federal aid 
projects alone on July 1, 1928, em- 
braced 187,752.9 miles of highway, 
which at a cost of $30,000 per mile 
would amount to $5,632,587,000. Fed- 
eral aid funds alone, obligated since 
1923, amount to $500,606,947, and the 
authorized Federal aid projects on July 
1, 1928, were only a little over one- 
half completed. In spite of the fact 
that the total cost of Federal aid road 
projects will be more than twenty 
times that of the Panama Canal, there 
are no questions asked as to whether 
the highways should be built, or 
whether the cost is not more than the 
country can stand. Rather, we re- 
iterate “Why are they so slow about 
it?” and “We want these roads built 
now.” In 1927 there was invested in 
motor vehicles and parts in the United 
States and Canada $4,247,800,743. In 
that same year the country spent for 
rural road construction and mainte- 
nance $1,412,711,423; the money spent 
on city streets amounted to something 
like $500,000,000 more. 

Up to the present time the only 
question which seems to have really 
been considered is that of where the 
money is coming from. The urgency 
of the demands for improvement of 
highways has crowded out all reflec- 
tions concerning fairness and equitable 
distribution of the funds collected. 

The Gasoline Tax.—In the minds of 
most of our legislators the proper 
method of securing funds seemed to be 
to load the automobile owner, who was 
most anxious for adequate highways, 
with all that he could stand and then 
with just a little more so as to give him 
good measure. It became fully ap- 
parent ten years ago that license fees 
alone would never yield enough funds. 
Then some one had an inspiration— 
“Why not a tax on all the gasoline 
sold?” The idea spread. The gas tax 
varies in the states from 2 cts. to 5 cts. 
per gallon. The gas tax is paid in most 
eases by the manufacturer or importer 
of gasoline to the state authorities by 
whom it is distributed and expended. 


Equitable Distribution Difficult—The 
theory of the gasoline tax is logical: 
It makes the individual who uses the 
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highways maintain them. It would 
seem that a fair way to apportion that 
maintenance would be on the basis of 
gasoline consumed by the automobiles. 
It is impossible, however, by this line 
of reasoning, to excuse the turning over 
to the educational funds of the state 
or to any other state funds, any part 
of moneys derived from the gasoline 
tax. In Texas, the only way that our 
constitution will permit the levying of 
a gasoline tax is under the provision 
for the levying of an occupational tax 
and our constitution provides that one- 
fourth of all moneys collected by the 
state from occupational taxes be turned 
over to the educational funds of the 
state. We are therefore check-mated 
with a situation which demands that, 
if any gasoline tax is levied in Texas, 
one-quarter of it shall be turned over 
to the state educational funds. This 
is not a matter of equity but is a mat- 
ter of necessity in Texas. 


In Texas one-third of all the tax re- 
sources of the entire state is located in 
four of the 256 counties. Twenty-six 
per cent of all automobiles are located 
in ten counties. Under the present 
state laws these ten counties are pay- 
ing 36 per cent of all state moneys 
spent in the building of state high- 
ways. In Texas, license fees are levied 
in two parts: the horsepower fee and 
the weight fee. The counties retain 
for highway work all of the horsepower 
part of the fee and 30 per cent of the 
weight fee, except that no county can 
retain over $50,000 from the weight 
fees. These same ten counties paid in 
in 1928 on account of weight fees 
$4,187,340.56 and retained for highway 
work only $500,000. Other counties 
made no payment to the state highway 
system and while it would be necessary 
for the wealthy sections of the state 
to contribute more than other sections 
in order to accomplish this purpose, it 
does seem that the more prosperous 
and more developed sections are very 
unfairly penalized for their condition. 


In various other states there are 
situations analogous to that in Texas 
which render impossible an equitable 
distribution of the automobile licenses 
and gasoline taxes. Jn many of the 
states the legislature is either con- 
trolled by the rural representatives or 
else the rural representatives are of 
sufficient number to secure for the 
rural communities more than a fair 
distribution of state funds. A few 
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years ago It was a rure event when a 
state gave a municipality any part of 
the funds derived either from automo- 
bile licenses or from gasoline tax. 
State representatives are thus loyal to 
the, district which they represent even 
though the situation is most obviously 
unfair. 

Ohio Act.—Ohio, in 1919, passed the 
first act which had in mind any eq- 
uitable distribution of these funds. It 
seems that up to the present time Ohio 
has the fairest law to be found on the 
statutes of any state in this matter. 
Ohio’s law provides that 50 per cent of 
all automobile license fees collected 
shall be for the use of the municipal 
corporation in which the automobile 
registered is owned, while the other 50 
per cent is placed in the state treasury 
to the credit of the state highway main- 
tenance and repair funds. Of course, 
in any county, in case the owner of any 
motor vehicle does not live within the 
corporate limits of any municipality, 
the 50 per cent which does not accrue 
to the state accrues to the county, to 
be used there for the maintenance of 
highways. In Ohio, also, the distribu- 
tion of the gasoline tax js 30 per cent 
to the municipality, 25 per cent to the 
counties and 45 per cent to the state. 
These funds are apportioned to the 
cities, counties and state, based upon 
the relation which the automobiles in 
the city or county bear to the total 
number licensed in the entire state. In 
the cities these funds must be used 
solely for the maintenance and repair 
of public streets and roads within the 
city. In the county they must be used 
solely for the maintenance and repair 
of the county system of public roads 
and highways. In the state they must 
be used solely by the department of 
highways and public works for the pur- 
pose of maintaining and keeping in 
passable condition the roads and high- 
ways of the state of Ohio. 

Practice in Other States. — Other 
states have not worked out as equitable 
a distribution of such funds as has 
Ohio, but many of them have advanced 
to the point where they recognize that, 
since most of the automobiles are 
owned in cities and most of the travel 
is done on city streets, cities are en- 
titled to some share—small though it 
be in many cases—of these funds de- 
rived from automobile licenses and 
gasoline taxes. 

Alabama gives 20 per cent of the 
motor vehicle license fees to the city in 
which the automobile is owned. 

Indiana gives one-fourth of 1 ct. for 
each gallon of gasoline sold in the state 
to the cities, distributed on a popula- 
tion basis. 

In Iowa, $200 per mile is given the 
larger cities for the maintenance of 
state or primary roads, and in the 
cities of 2,500 population and less the 
state constructs and maintains the state 
and primary roads. 

In Kansas, cities of the first and 
second class are given $250 for each 
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mile or fraction of a mile of state-road 
street. In cities of the third class the 
county commissioners have the option 
of giving the cities $250 for each mile 
or fraction of a mile of state road or 
they may maintain the streets. 

In Louisiana, an extra tax of 1 ct. 
a gallon is collected for each gallon of 
gasoline sold in the city of New Or- 

leans, this sum being placed in the 
paving fund. 

In Maryland, 1.7 cts. is paid the city 
of Baltimore for each gallon of gaso- 
line sold in the state of Maryland. The 
money is used for the building and 
maintenance of streets and for provid- 
ing grade separations. 

Michigan gives each city $2,000 per 
mile for each mile of state highway in 
the city limits. 

In Oklahoma, the cities are given 15 
per cent of the motor vehicle license 
fees collected in the city limits. 

Virginia constructs and maintains the 
state road in cities of less than 2,500 
population having houses more than 
200 ft. apart. 

Washington gives each city $500 per 
mile for each mile of state highway in 
the city limits. 

Wisconsin gives the larger cities 
$300 to $500 per mile for the mainte- 
nance of state highway streets in the 
city limits and from $25 to $200 per 
mile for city streets not a portion of 
the state or county road system. 

City Dwellers and Gas Tax.—In 1927 
gasoline taxes in the United States are 
estimated to have produced $258,- 
838,813. It is also estimated that 60 
per cent of this sum was paid in by 
city dwellers. The sum of $2,000,000 in 
all the states was all that was returned 
to the cities for streets and mainte- 
nance. Sixty per cent of the total gas 
tax collected would have amounted to 
$155,303,287. The disparity between 
these figures of contribution on the one 
hand, and value received on the other, 
will give some idea of the educational 
and moral program which will have to 
be carried out before any sort of an 
equitable distribution may be even con- 
sidered. 

In some of our states the highway 
system is financed through the issuing 
of state bonds. In such states equitable 
distribution is easily determined. It 
would seem just to spend just as much 
per mile within the corporate limits as 
is spent outside of the municipality. It 
would seem that the authorities should 
appropriate as much money for the 
maintenance of the city streets forming 
a part of the highway development as 
is spent on the state highways outside 
the city. Furthermore, it would seem 
absolutely inexcusable on the basis of 
equity for the state to fail to do these 
things. On the other hand, it would 
be entirely unreasonable and selfish for 
any city to expect to retain all of the 
gasoline tax and all of the automobile 
license money collected within the 

municipality for the sole use of im- 
proving and maintaining its city streets. 
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The automobile is a new means of 
transportation, and before we get the 
details of our civilization adjusted to 
it we are in the throes of a new in- 
dustrial development. There is a 
rapidly growing air navigation also 
using gasoline. Perhaps we should be 
thankful that the roads of the air at 
least do not have to be paved. 

Acknowledgment.—The foregoing pa- 
per was presented on April 25 at the 
spring meeting of the American So- 
ciety of Civil Engineers, held at 
Dallas, Tex. 
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Roadside Treatments in 
California 

The following measures are indica- 
tive of the general procedure in road- 
side treatment on the state highways 
of California: 

In daylighting a road, brush or trees 
are not cut on the upper side of the 
road where the cut bank itself prevents 
visibility. Exception is made in loca- 
tions of heavy rainfall where accom- 
panying winds might dislodge trees, 
causing damage to roadway or hazard 
to traffic. 

Trees on the lower side of road are 
cut only when pruning will not give 
the desired visibility. Undergrowth, 
interferring with visibility, is removed; 
the extent of this removal to be a mini- 
mum. 

All tree and brush cutting is done 
in the late fall or during the period of 
least traffic, and the slash burned in 
time to allow new growth to come up 
the following spring, covering both 
sears of cutting and site of burning. 

When necessary to cut a tree, the 
cut is made flush with the ground. Ex- 
isting stumps, except redwood and oth- 
ers of large diameter, are treated in a 
similar manner. 

Ferns, flowers and moss growth on 
the cut bank and along the highway, 
except where they present a distinct 
fire hazard, are disturbed as little as 
possible. 

Trees, shrubs, and where conditions 
and facilities permit, wild flowers com- 
mon to the locality are planted along 
the fence enclosure of each mainte- 
nance station as an illustration of the 
state’s desire for beautifying the high- 
ways. 

The trimming and pruning of trees 
and brush in each district are laid out 
and supervised by a responsible man 
as instructed by the arboriculturist. 

A section shall be selected in each 
district, one mile or less in length, rep- 
resenting average conditions, and as 
soon as practicable, treated as outlined 
above. On completion, this section to 
be reviewed as an object lesson by the 
various maintenance foremen in that 
district. 

Where a distinct fire menace exists, 
the traveled way, to a point on the 
cut bank 2 ft. above the gutter line, 
should be cleared of all dry vegeta- 
tion. 

















Printing Plans by the Use of Photographic 


Equipment 


A Method Used by the Wis- 


consin Highway Commission 


By FRANK CNARE 


Plan Engineer, The Wisconsin Highway Commission, Madison, Wis. 


ie the spring of 1928 a careful study 
was made as to the feasibility of 
using the photographic process to re- 
produce plans. 

Information was secured from the 
manufacturers of this type of equip- 
ment, inspection of the equipment 
made dnd comparative estimates of 
costs considered. The general plans 
appeared quite promising and in the 
summer special photographic equipment 
was installed in the main office of the 
commission. The instrument purchased 
was selected as being best adapted to 
perform the particular type of work 
of the commission, the outstanding 
characteristic of which is the uniform- 
ity in size of the originals to be printed. 
The camera takes a picture 18 in. by 
24 in. in size and the complete unit de- 
velops, fixes, washes and dries the 
prints automatically after exposure, one 
operator being required. This machine 
operates most efficiently when all of the 
work done is similar and requires in- 
frequent changes of set ups. 

The original plan was to photograph 
two standard federal sheets on the 18- 
in. by 24-in. print, securing two nega- 
tives 12 in. by 18 in. in size. Four of 
these negatives would then be placed 
on the copy board and again reduced, 
the final result being four positive 
sheets for Federal Aid roads measuring 
7% in. by 12 in. on the 18-in. by 24-in. 
sheet. It will be noted that the length 
governs and that some of the width 
is wasted. However, this plan did not 
work out because in the second reduc- 
tion process a certain amount of detail 
dropped out and the resulting prints 
were not sharp and clear. 

Entire Reduction in One Operation.— 
The second method used and the one 
which is successful is to make the en- 
tire reduction in one operation. In 
order to do this it is necessary to shoot 
the picture from the side as the copy 
board cannot be dropped far enough 
from the lens to secure enough distance 
for the necessary reduction. Four fed- 
eral sheets are placed on a vertical 
easel and are photographed in one op- 
eration. The result is a white line on 
a black background 7% in. by 12 in. in 
size which is practically in all cases 
perfectly legible. However, it was nec- 
essary to overcome’ several difficulties 
before satisfactory results could be se- 
cured. 

The easel used is a board 72 in. high 
and 50 in. wide, held about 2 ft. from 
the floor and this entire area must be 


adequately covered with light. The 
first illumination used consisted of two 
54-in. Cooper-Hewitt vacuum tubes 
along the sides and one across the top. 
These three lights proved insufficient to 
cover the entire easel, the bottom being 
too dark and it was necessary to install 
a fourth light across the bottom. In- 
asmuch as the reflectors are so con- 
structed as to throw the light down- 
ward, it was necessary to change the 
reflector and build a special stand to so 
hold the reflector that the light was 
cast upward against the bottom of the 
easel. The use of the fourth light 
eventually solved the lighting problem 
and uniform illumination is now se- 
cured over the entire easel and a uni- 
form exposure over the 18-in. by 24-in. 
print. 


Time of Operation—A second diffi- 
culty was the time required to secure 
the four federal sheets to the easel and 
make the necessary changes quickly. 
This was finally solved by making two 
frames of wood covered with white 
cloth and with four clamps actuated 
with spring hinges along each side. 
Each frame holds two federal sheets, 
the end of each sheet being held by 
two clips. These frames are hung on 
brackets on the easel and can be quickly 
removed, placed on a table in a hori- 
zontal position and the change in sheets 
made. By this method the changes on 
the easel can be accomplished in the 
fraction of a minute and the method 
has the added advantage that the sheets 
are always placed in exactly the same 
relative position on the easel, thus sim- 
plifying trimming operations as will be 
described later. 


The speed of operation depends on 
the number of prints required from each 
setup, as loss of time occurs whenever 
the sheets on the easel are changed. 
Therefore, it is economy to make as 
many exposures as possible from one 
setup. Exposures can be made approxi- 
mately every 45 seconds and if 15 sets 
are required the average time per ex- 
posure, when the change in setup is 
taken into consideration, runs about one 
minute. 


The maximum day’s run made so far 
has been 480 18-in. by 24-in. sheets, 
representing 1,920 prints of federal 
plans. This is based on a 9-hour run, 
as it is advantageous to hire help 
enough to keep the machine in con- 
tinuous operation through the noon 
hour. One man can operate the ma- 
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chine and the extra man can trim and 
sort when not actually printing. 

Time Saved in Trimming.—One of 
the economies effected in the use of this 
form of equipment is the time saved 
in trimming the print and resorting the 
original drawings. Originals returned 
from the printing room are in exactly 
the same order as when they went in 
because they can easily be taken from 
the holding frames in the reverse order 
from that in which they were put on. 
As stated before the frames hang on 
brackets so that all exposures are ex- 
actly the same for that particular run 
of prints. The prints pass through the 
machine in order and emerge dry and 
flat in a receiving tray. Ten 18-in. by 
24-in. sheets which are exactly alike 
can be clipped together and trimmed 
at one time, the result being forty small 
prints trimmed and sorted in less than 
a minute. The clips keep the prints 
together so that they can be placed in 
consecutive order and quickly assem- 
bled into complete plans. When blue 
printing methods are used each blue 
print must be trimmed individually and 
the tracings run through the machine 
in a one, two, three order, necessarily 
must be resorted. More time is also 
required to assemble the blue prints 
because their order is disarranged in 
the printing and trimming operations. 

The Equipment.—The equipment as 
installed by the commission consists of 
a photographic machine which is a com- 
plete combination of exposing, develop- 
ing, fixing, washing and drying units. 
Three Cooper-Hewitt transformers and 
reflectors are required to light the hori- 
zontal copy board. An extra Cooper- 
Hewitt transformer is used to operate 
the hanging reflector at the top of the 
easel. One of the other transformers 
near the copy board when not in use 
operates the horizontal reflector at the 
base of the easel. The lighting equip- 
ment, therefore, consists of four trans- 
formers and five reflectors and lights. 

The only additional equipment re- 
quired is a sink with water and drain 
connections, the necessary power con- 
nections and trimming and sorting 
table. The drier of the machine is 
electrically operated. The total value 
of the equipment is approximately 
$2,700. 

Costs.—Accurate costs cannot as yet 
be given for the use of this method be- 
cause it has not been in operation long 
enough to make fair comparisons. 
Photographic paper is higher priced per 
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square foot than blue print paper and 
any saving in cost, therefore, must nec- 
essarily be secured in the reduced size 
of the final prints or in the savings 
effected in labor and service. Photo- 
graphic paper 18 in. wide costs $22 per 
roll of 350 lin. ft. The paper for one 
exposure, allowing for margins, is 27 
in. in length. Four prints are secured. 
Overhead, waste, power, light, chemi- 
cals, etc., will probably double the pa- 
per cost, making the final cost approxi- 
mately 7 ct. per print. However, with 
a large output these costs will be much 
under the 7 ct. figure. No profit is 
allowed in the above computations. 
Other advantages of the photographic 
process are its convenience, its ability 
to reproduce anything, regardless as 
to whether the paper stock of the origi- 
nal is opaque or not, and furthermore 
the permanency of the final print. 
Sample prints have been exposed to the 
rain, sunlight, and snow for a month 
and show no signs of deterioration or 
fading. Another advantage is that an 
unlimited number of prints may be se- 
cured without damage to the original. 


Changes in Lettering Required.— 
Naturally the process has some faults. 
In order to make use of the photo- 
graphic equipment certain changes in 
lettering and drawing standards are 
necessary when the plans are prepared. 
To reduce properly figures must be 
made large and lines must be made 
heavier and firmer. 


In other words, the original style and 
size of the letter must be brought up. 
All lettering must be at least 0.1 in. 
high when the reduction as described 
in this article is used. (The actual 
linear reduction is as 11% is to 33, or 
3.9.) It is advisable to experiment with 
different sizes of letterings, comparing 
the original with the reduced prints so 
as to determine just what size of let- 
tering had best be used. There is no 
difficulty in securing legible prints on 
federal road plans, although there is 
some trouble on structural plans where 
an amount of fine dimension work is 
sometimes necessary. Strange to say, 
the very fine orange ruling on stand- 
ard federal aid cross section sheets ap- 
pear quite plainly in the reduced print 
and no difficulty has occurred in se- 
curing legible cross section sheets. The 
process is not particularly fast when 
only one print of an original is re- 
quired because it takes longer to re- 
move the prints from the easel than it 
does to feed them one at a time to a 
blue print machine. 


The extended use of photographic 
prints instead of blue prints will depend 
upon their popularity with the persons 
who use them. Contractors and inspec- 
tors are accustomed to the larger scale 
and no doubt estimate quantities from 
the cross section sheets and distances 
on the plans based on the present 100 
ft. to the inch scale. For this reason 


it may take some time before these 
persons 


become accustomed to the 
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smaller prints and change their mental 
yard sticks to conform to the reduced 
scale. The original intention of the 
plan department was to use the reduced 
size prints for bidding purposes only 
and to supplement them with blue 
prints for construction. However, some 
contractors have expressed a preference 
for the smaller size for use on actual 
construction. It is quite possible to ob- 
tain slightly larger photographic prints 
from the present equipment by printing 
three sheets to an exposure instead 
of four, the resulting print being ap- 
proximately 8% in. by 13 in. in size. 
This larger size will give some added 
legibility and might make the use of 
this kind of print more popular for in- 
spectors’ and contractors’ use. 


Any change in an established method 
of doing work requires experience to 
perfect the many small details of op- 
eration and no doubt better results will 
be secured after this equipment has 
been in operation over some period of 
time. 


In conclusion it might be added that 
the work of the commission requires a 
very large output in a comparatively 
short period of time and the experience 
of the past season would indicate that 
the equipment has very promising pos- 
sibilities, both as to service and econ- 
omy. 


Acknowledgment.—The foregoing is 
taken from the June issue of Badger 
Highways, the official publication of the 
Wisconsin Highway Commission. 
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Highway Construction and 
Automobile Registration 


Automobile owners should regard 
gas taxes, costing at most 5 ct. for 
every 15 to 20 miles traveled, as an 
investment rather than an expenditure, 
says Frederic A. Reimer, president of 
the American Road Builders’ Associa- 
tion. He declares that some motorists 
want to take all they can get out of 
highways, and put nothing in. 





“You cannot ignore the old princi- 
ples, dating back to Bible times, that 
you have to give in order to receive,” 
he declared. “The nation’s highway 
program, financed in part by automobile 
registration fees and gasoline taxes, 
benefits all citizens. The highway in- 
dustry is a great factor in fostering 
our national prosperity, touching as it 
does the great interests of materials, 
equipment, labor and _ transportation. 
In its results, it provides for con- 
tinuance and expansion of the motor 
vehicle trade, and brings better living 
conditions to all. 


“Its direct benefits come at once to 
every automobile owner, giving him 
new outlets for pleasure and commer- 
cial traffic and saving him actual dol- 
lars in the lengthened life of his car. 
For this he should be willing to pay. 
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“It is evident,” says Reimer, “that 
highway construction in most instances 
is not keeping pace with transportation 
demands. The full development of 
public wealth in many states is re- 
tarded by lack of transportation facili- 
ties. 


“With automobile registration figures 
showing a rapid increase, difficult 
problems must be met by highway 
engineers. 


“That highway transportation and 
automobile distribution has been re- 
tarded by congestion and lack of ade- 
quate highways in large cities is evi- 
dent from an analysis of traffic. 


“Based on the car ownership in 
Detroit which has 3.5 persons per 
automobile and whose highway facili- 
ties are excellent, the ownership of 
cars in New York City, Chicago, Phila- 
delphia and Boston is evidently held 
back by reason of lack of exits, high 
speed arteries and regional highways. 
Boston has seven persons to each auto- 
mobile, Philadelphia and Chicago have 
nine, New York has ten. Wayne county, 
Michigan, in which Detroit is located, 
has 400 miles of good 40-ft. pavement 
giving a good outlet for city traffic. 
Los Angeles, which has good pavements 
within and without the city, has an 
automobile to each two and a quarter 
persons. 


“Where highway construction has 
been wisely planned and carried out 
automobile registration has shown a 
rapid increase. Inasmuch as _ vehicle 
taxes used for highway construction 
and maintenance in 1928 amounted to 
$620,000,000, which is 40 per cent of 
the total expenditure of $1,560,000,000, 
the necessity of meeting the demands 
for motor vehicle transportation is 
plainly evident in order to continue 
this cycle of activity. 


“Quoting data of the Bureau of Pub- 
lic Roads, the proceeds from gasoline 
taxes have increased from zero in 1918 
to $305,000,000 in 1928. Yet the mo- 
torist today is paying less for fuel than 
he did nine years ago. Then, when he 
purchased gasoline, he got gasoline 
only; now he secures gasoline in full 
measure and good roads thrown in to 
the extent made possible by gas taxes. 
The proceeds from automobile registra- 
tion have increased from $51,000,000 
in 1918 to $322,000,000 in 1928. 


“Increase in highway expenditure is 
dependent on increase in motor vehicle 
registration, not only for current funds 
but for bonding operations. Twenty- 
nine states have resorted to bonding for 
highway purposes up to the present 
time and even though some have un- 
doubtedly violated good financing prin- 
ciples, there is no instance where the 
extension of credit has not reacted 
advantageously to the state and no 
instance where state credit has been 
adversely affected.” 
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Correlation of Soil and Pavement Surveys 


The Michigan Studies of Pave- 


ment Conditions and Soils 


By A. C. BENKELMAN 






Research Engineer, Michigan State Highway Department, Lansing, Mich. 


HE Bates Road test, the Pittsburg 

Road test and the study of the 
effect of steel reinforcement in road 
slabs are striking examples of re- 
searches that have yielded valuable in- 
formation by studying the behavior and 
performance of roads in the field. 

The Bates and Pittsburg Roads are 
generally referred to as experimental 
roads, although as a matter of fact 
they were essentially service roads. 
The study of the behavior of the varia- 
tions in types and designs of surfacing 
in these two instances was made under 
rigidly controlled conditions, hence the 
number of variables entering into the 
problem was held to a minimum and 
useful knowledge resulted. 

The study of the effect of steel re- 
inforcement in concrete road slabs was 
one which involved a thorough inspec- 
tion and analysis of the condition of 
many experimental roads reinforced at 
certain locations as well as extensive 
lengths of roads in which steel rein- 
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forcement of various kinds were em- 
ployed. In the analysis of the data and 
evaluation of the effect of the reinforce- 
ment, consideration was given primar- 
ily to the variable designs encountered 
and to the condition and age of the 
specimens. Much information of prac- 
tical value concerning the effect of re- 
inforcement in concrete was made avail- 
able to highway engineers by this 
study. 

In connection with the discussion of 
the subject matter of this report at the 
preliminary meeting of the committee 
on Design of the Highway Research 
Board in 1926. Clifford Older said, 
“Aside from the value of the subject 
matter of the report it seems to me of 
greater value as illustrating what may 
be accomplished by large scale surveys 
of this type in solving problems that, 
so far, have eluded conclusive theoreti- 
cal analysis. We milled around 10 to 
15 years with this reinforcement prob- 
lem without tangible results until the 


Fig. 1—Section of Typical Pavement Survey 
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survey, which has taken about one year, 
became available. This type of re- 
search might well be applied to deter- 
mine the relationship between subgrade 
variable and the condition, life and 
maintenance cost of pavements.” 

From the foregoing it would seem 
that studies of the condition of concrete 
pavements with well defined objectives 
in view should produce results commen- 
surate with the efforts put forth. 

The Michigan Studies.—The pave- 
ment condition and soil surveys pro- 
jected in Michigan in 1925 were pri- 
marily for the purpose of correlating 
the pavement condition with the soil 
characteristics and incidentally, of de- 
termining whether or not a certain de- 
sign of pavement and underdrainage 
on a certain soil, under a definite traffic 
of a certain age, etc., has been satis- 
factory from the condition and main- 
tenance point of view. 

The study, state wide in scope, neces- 
sarily involves a consideration of all the 
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various factors which it was deemed 
might have an influence upon the con- 
dition and integrity of the pavement 
surface. The primary factors are those 
of subgrade (including subbase and 
drainage provisions), age, design and 
traffic. The secondary factors are those 
of the respective period of year at which 
construction of the road proceeded; type 
and source of materials used; presence 
of steel reinforcement; method of cur- 
ing; type of finish; differences in mix, 
grade of the pavement and location of 
the road with respect to pre-existing 
highways. 

About 100 types of soil have been 
mapped and identified in connection 
with the study, in accordance with the 
Bureau of Soils, U. S. Department of 
Agriculture, classification. The classi- 
fication is based primarily upon differ- 
ences in the characteristics of the soil 
profile, such important differences as 
texture, color, structure, internal and 
external drainage of the soils being 
recognized. 


The profile is an expression denoting 
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the number, character and succession 
of the several layers of material en- 
countered in examining a vertical sec- 
tion of the soil from the surface to a 
depth of several feet, usually something 
less than ten. These layers are usually 
called horizons. 

The character of the various soils 
ranges from well drained open sands 
to dense impervious clays. Many dif- 
ferent methods of subgrade treatment 
of the porous subbase type and differ- 
ent designs of drainage and subdrain- 
age are represented in the mileage being 
studied. 

In addition to considering the depth 
at which the pavement is laid in the 
soil profile and the horizon on which 
it rests or whether it extends over a 
fill, consideration is also given to the 
relative vertical position of pre-existing 
old roads with respect to the new pave- 
ment. This factor is extremely im- 
portant in our opinion because a layer 
of compacted foreign material on a 
good or bad soil is certain to alter its 
behavior or characteristics as a sub- 
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Fig. 2—Summary of Pavement Condition Survey 
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grade entirely, if the new pavement is 
laid either directly on, or above the 
old road bed. Although it is difficult 
to obtain this information in the field, 
the historical record of each road for- 
tunately contains such information as 
the date, extent, and nature of the vari- 
ous stage improvements and the plan 
profiles indicate the relative position of 
the same with respect to the new sur- 
facing. 

The age of the pavements included 
in the study ranges from a minimum 
of 1 year to a maximum of 15. years. 
The designs of slab vary from the now 
obsolete 6-8-6 cross section with ex- 
pansion joints of 30 to 50-ft. intervals, 
to the 7 and 8-in. uniform thickness 
with and without expansion joints and 
to the present day thickened edge cross 
sections of varying thicknesses with 
expansion joints at 100-ft. intervals. 

The traffic on the different routes in- 
cluded in the study ranges from a mini- 
mum of about 15 trucks over 1% tons 
and 1,000 total vehicles to a maximum 
of about 500 trucks over 1% tons and 
15,000 total vehicles per day. Traffic 
counts taken in the state during the 
past ten years give a fairly accurate 
record of the amount and type of traffic 
that the different pavements have car- 
ried, during the respective period of 
time represented in the study. V. R. 
Burton, in a paper delivered at the 
Seventh Annual Asphalt Paving Con- 
ference in December, 1928, showed that 
the maintenance cost of asphaltic con- 
crete pavements is governed largely by 
the number of trucks using the roads. 
For this reason provisions have been 
made to analyze both the effect of truck 
traffic and total vehicle traffic in this 
study. 

Procedure of Investigation.—The ma- 
jor steps in the procedure are: 

1. Pavement condition survey. 

2. Soil survey. 

3. Condition summaries. 

4. Transfer of pavement condition 
and soil surveys to original plans. 
Study of file information. 
Transfer of information to condi- 
tion analysis sheets. 

7. Transfer of final assembled data 
to cards of the classifying or tab- 
ulating machine. 

8. Final analysis and reduction of 
data. 

9. Subsequent re-examination of field 
specimens. 

A discussion of the various phases of 

the procedure follows. 


Pavement Condition Sur ve y.—lIn 
making the condition survey, the pave- 
ment is first chained and the station 
numbers are painted on the surface. 
Copies or prints of the original plans 
are always furnished to the field party 
in order that the new stationing may 
be correlated to that established when 
the road was built. Tie in points, such 
as culverts, bridges, curves and cross 
roads, assist materially in this task. 
The field party consists of two men in 
addition to the chain party, one of 
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Fig. 3—Section of Original Plan with Reproduced Slab and Soil Curves 


whom has a knowledge of pavement 
construction, who walks along one side 
of the pavement and sketches the slab 
defects on a special form sheet pro- 
vided for this purpose. His assistant 
walks along the other side of the pave- 
ment and calls attention to defects on 
that side. The defects include all joints 
and cracks, areas of total failure, in- 
cluding replacements, corner breaks, 
spalls, and areas of scaling, hair check- 
ing and disintegration. All faults and 
areas of general subsidence are also 
indicated. A length of typical pave- 
ment survey is shown in Fig. 1. 

The Soil Surveys.—The soil surveys 
are made by a soil expert who has had 
special training in the mapping of soils 
and who is familiar with the methods 
of nomenclature used by the U. S. Bu- 
reau of Soils. These surveys in most 
instances are made at a later date than 


the pavement surveys. The station 
numbers on the pavement serve as a 
guide for indicating changes in soil 
types and for locating the different 
horizons on which the various slabs rest. 
More attention is generally paid to the 
soil in cuts than to the soil or material 
composing the fill. The reason for this 
is obvious because in the first place 
little trouble, outside of an occasional 
settlement, is experienced with pave- 
ments when laid on fill and in the sec- 
ond place fills are generally made from 
a complex mixture of the A, B, C and 
D horizons obtained from adjoining cuts 
and it would be impossible to identify 
the different materials. Other informa- 
tion obtained in the soil survey in- 
cludes that of the depth of peat de- 
posits and special notes regarding 
drainage and unusual conditions. Typi- 
cal type samples of the various soil 





Represented in Fig. 1 


horizons are selected when the survey 
is made and sent to the laboratory at 
Ann Arbor for analysis. 

Condition Summaries.—The summary 
of the condition surveys involve the 
careful tabulation of all the various 
defects for each slab on special form 
sheets. There is listed for each slab, 
the beginning and ending station num- 
bers, the length, its reference number 
and the structural and surface defects. 
The structural defects include the num- 
ber of full and half transverse cracks, 
the number and length of longitudinal 
cracks, the total length of crack, num- 
ber of pieces, areas of total failure 
and number and size of corner breaks. 
All corner breaks of one yard or less 
in size are listed as areas of total fail- 
ure. The surface defects listed are 
scaling, pitting, diisntegration, hair 
checking and spalling. The summary 
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of the pavement condition survey repre- 
sented in Fig. 1 is shown in Fig. 2. 
Both the pavement condition and soil 
surveys are transferred to the original 
plans in order to give a picture of the 
situation under which the different slabs 
exist and to assist in later assembling 
these data from the various sources. 
Fig. 3 shows a section of original plan 
with the reproduced pavement slab and 
soil curves represented in Fig. 1. 
Certain information is obtained from 
the construction records and inspectors’ 
reports which are kept on file at the 
highway department office. This in- 
cludes principally, the age and time of 
year when the road was built, the type 
and source of materials used, type of 
finish, method of curing and other mis- 
cellaneous information. A very careful 
scrutiny of the file records is necessary 
to obtain this information, especially in 
case of some of the older roads. 
Condition Analysis.—Final tabulation 
of these data previously obtained and 
assembled from the various sources is 
then made upon special pavement condi- 
tion analysis sheets. The information 
is listed for each individual slab of the 
various jobs. The number of the proj- 
ect is first listed followed in order by 
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finish; the width of slab; the traffic 
(number of trucks over 1% tons); the 
brand of cement; the type and weight 
of reinforcement; the location; the 
drainage; the time of construction 
(month of year); the age; the vertical 
grade; the soil type; horizon of soil 
type; the vertical position of the pave- 
ment with respect to the old road and 
the vertical position with respect to the 
original ground elevation. This is fol- 
lowed by the length of the slab, the 
reference number and the condition 
digest as described before in detail. 
Fig. 4 shows the condition analysis 
sheet for slabs of Fig. 1. 

The assembled information is then 
transferred to the tabulating machine 
cards. A detailed description of the 
machine or a discussion of its many 
uses will not be attempted in this 
article. It is simply a mechanical con- 
trivance for sorting and listing infor- 
mation where generally a great number 
of variables are involved. 

The investigation has not progressed 
to the point where final analysis of the 
condition of any one road or group of 
roads has been made. The final analy- 
sis however will consist of both general 
job by job comparisons and detailed slab 
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Causes of Surface Defects.—Pave- 
ment surface defects are, as a general 
rule, produced by a factor or set of 
factors common to the entire job. For 
instance the development of surface 
scaling is usually attributed to a ques- 
tionable cement or to inferior materials 
rather than to poor drainage or a bad 
subgrade. For this reason such defects 
will be studied purely from a job to job 
standpoint, taking into consideration 
only those factors which are most likely 
to be responsible. 


On the other hand the structural con- 
dition of a pavement varies from one 
point to another because of immediate 
variation in subgrade, drainage, etc. 
The analysis of the structural condition 
of the pavement then must include a 
consideration of all factors pertinent to 
the existence of the individual slab it- 
self. With the use of the tabulating 
machine a grouping of slabs according 
to any set of similar or different fac- 
tors will be possible. For instance it 
will be possible to study the effect of 
truck traffic upon the pavement condi- 
tion for slabs of the same age, same 
design, etc., or it will be possible to 
study the effect of the primary factors, 
subgrade, age, design and traffic to the 
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Fig. 4—Condition Analysis Sheet for Slabs of Fig. 1 
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ously mentioned secondary factors. One 
job can be studied in this manner, al- 
though it is doubtful if a sufficient num- 
ber of examples would be had for each 
possible combination of variables to 
produce comphehensive data. At the 
present time it is planned to make such 
slab by slab comparisons of jobs within 
the different road districts of the state 
and then later to make a general com- 
parison of the separate findings. 

No Uniform Pavement Condition 
Expected.—It is not anticipated by any 
means that a uniform pavement condi- 
tion will be found to exist for each sep- 
arate combination or common set of 
variables. It will be possible, how- 
ever, to set up for each some sort of 
an average condition rating and those 
individual slabs or entire jobs which 
fall entirely out of line will be the ob- 
ject of future special study. This will 
probably first involve a more detailed 
study of the file records followed by a 
re-examination of the particular loca- 
tion under question in the field. The 
subgrade will be carefully reinspected 
by the soils engineer. Sufficient bor- 
ings will be made to develop longitudi- 
nal profiles and transverse cross sec- 
tions of the location in question. 
Samples of the various materials en- 
countered will be selected and sent to 
the laboratory for analysis. In order 
to explain some inconsistences, it may 
be necessary to examine the pavement 
with the core drill from the standpoint 
of thickness to quality at such locations 
where this information, is not already 
available. 

Soil types which seem to have pro- 
duced unusually erratic pavement con- 
ditions will also be the object of fur- 
ther concentrated study. It is possible 
that these special studies will suggest 
a revamping of the method of soil 
classification for engineering purposes, 
at least in case of certain soil types. 
This probably will be based upon the 
physical condition of the pavement laid 
upon .them. It is believed, however, 
that the majority of soil types in the 
state have those characteristics that 
will have produced uniform pavement 
conditions. 

Present Status of the Investigation.— 
The field surveys were begun in 1925. 


During 1925, 1926 and 1927 a total of 


1,450 miles has been surveyed. On this 
mileage, 675 miles has been surveyed 
once, 685 miles twice, and 90 miles has 
been surveyed three times. No new 
surveys were made during 1929, al- 
though approximately 360 miles were 
resurveyed. The condition summary 
work has been entirely completed and 
the work of transferring the field sur- 
veys to the original plans is practically 
finished. The data of approximately 
300 miles have been transferred to the 
pavement analysis sheets and the tab- 
ulating cards have been punched. for 
about 150 miles. 

An idea of the magnitude of this in- 
vestigation can be had from a consider- 
ation of the relative time necessary for 
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the different phases of the work. A 
field condition survey party ordinarily 
covers 3 miles a day, and a soil survey 
party about 2 miles a day. The con- 
dition summary rate for one man has 
been somewhat less than 2 miles per 
day. Each additional time is necessary 
for collecting information from varied 
sources pertaining to the construction 
of the pavements, and for assembling 
this information together with the 
pavement condition and soil informa- 
tion on the pavement analysis sheets. 
Over 350,000 tabulating cards will be 
required to handle the mileage sur- 
veyed. For an experienced operator the 
punching of these cards would require 
over a year’s time. 


Although this investigation has been 
under way for a period of over three 
years, it is felt that excellent progress 
has been made. It constitutes the 
largest undertaking of this nature ever 
attempted and it is firmly believed by 
those who have been engaged in col- 
lecting and studying these data that 
sufficient conclusive information will be 
obtained to enable us to recommend 
either changes in pavement design 
(type, thickness or special features) or 
subgrade correction (treatment, drain- 
age or subbase as compensation for 
varying subgrade conditions). It is ex- 
pected that the work incident to final 
analysis of these data will have been 
entirely completed by the end of the 
present fiscal year (June 30), and that 
a preliminary report on the findings of 
the study will be made next fall. 


Acknowledgment.—The above paper 
was presented at the 15th annual con- 
ference on Highway Engineering, Uni- 
versity of Michigan. 
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Peru to Hold National Technical 
Conference on Highways.—The “First 
Peruvian National Technical Conference 
on Highways” will be held in Lima 
beginning on Oct. 5, 1929. The con- 
ference is being convoked under the 
terms of a Presidential Resolution 
signed Oct. 5, 1928, and will be held 
under_auspices of the government. Its 
program includes a study of highway 
legislation; plans for national and re- 
gional roads, including by specific men- 
tion the study of the Peruvian link of 
the Pan American Highway; questions 
of highway finance, tolls, ete.; highway 
engineering; road construction; con- 
struction of bridges; conservation of 
highways; and traffic problems. The 
Peruvian Government is fully alive to 
the importance of highway construc- 
tion and is devoting a large amount of 
money each year to their construction 
and repair. October 5 has been set 
aside as an annual holiday known as 
“Road Day.” The Government is also 
very much interested in the proposed 
Pan American Highway, to which fre- 
quent reference appears in the daily 
press of Lima. 
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Development of Secondary 
Highways 

By one of the largest votes ever cast 
in a national chamber referendum the 
membership of the United States 
Chamber of Commerce has approved 
the six proposals formulated by its 
Special Committee on Highways and 
Motor Transport, looking to the build- 
ing up of a sound administrative sys- 
tem for the development of secondary 
highways and local roads throughout 
the country. 

These six recommendations, which 
now become a part of National Chamber 
policy are: 

1. That state legislatures should give 
the highway departments or com- 
missions wide authority, within 
financial limitations properly fixed 
in relation to the whole financial 
program of the state, to develop 
highway programs on sound social 
and economic grounds and main- 
tain adequate organizations with. 
the needed continuity. 

2. That state highway departments 
or commissions should have ad- 
visory relationship or actual tech- 
nical and administrative super-. 
vision over road programs of 
smaller political units outside of 
municipalities to insure well plan- 
ned and economical development 
and maintenance of the entire 
road system. 

3. That in states where the state 
highway system does not include 
all of the improved roads, smaller 
political units unable to afford 
adequate technical organization 
for their road work should be 
joined together into suitable larg- 
er highway units, to the end that 
they may coordinate their re- 
spective programs and_ secure 
economic administration. 

4. That the responsible authorities 
should establish definite plans for 
local road work, taking into ac- 
count in determining economic 
justification the actual or poten- 
tial use of each existing road and 
the best means of providing the 
necessary highway access. 

5. That coordinated planning of the 
highway systems of metropolitan 
aréas, including, connections with 
surrounding territory, be provided 
through voluntary agreement of 
the responsible authorities of the 
several jurisdictions or, if neces- 
sary, by legislation. 

6. That programs for construction 
and maintenance of highways of 
general motor use should be 
financed as far as possible by 
highway users, and that revenues 
derived from other sources should 
be limited by the general benefits 
resulting from the improvements 
and by the ability to pay. 

























Parkway Features of Interest to the Highway 


Engineer 


An Analysis of the Features of 
Special Interest to the Engineer 


By E. W. JAMES 


Chief, Division of Design, U. S. Bureau of Public Roads 


HE parkway can serve a twofold 

purpose when adequately handled: 
It may be made to provide at the same 
time a park, in its proper sense, and an 
arterial highway. The two objectives, 
however, conflict to some degree and 
an even balance must be struck to se- 
cure the most satisfactory results. 
Vistas are generally short, especially in 
lateral directions, and landscaping as 
a park feature must be done accord- 
ingly. This requires taking advantage 
of many small details that might be 
developed in a bolder manner in ample 
park areas. The highway itself must 
be considered constantly in order that 
the capacity of the parkway as a means 
of traffic relief may be maintained. 

Outstanding Parkway Features Sum- 
marized.—These observations are the 
result of inspections of several parks 
and parkways, where it was possible 
to see, completed and in operation, 
parkway features and designs that are 
entirely satisfactory from both an artis- 
tic and technical viewpoint, and also to 
see others, likewise completed, that 
demonstrate the disadvantages of cer- 
tain details. 

Undoubtedly the outstanding park- 
way developments are in the New York 
metropolitan district, where Palisade 
Interstate Park, Bear Mountain Park, 
the Bronx Parkway, and the Westches- 
ter County park system furnish a vari- 
ety of detail nowhere else available 
in the eastern states. The condition 
of improvement of the Bronx Parkway, 
New York City, and the Westchester 
County park system make these two 
areas of peculiar interest, and they may 
well be considered together as they are 
contiguous in location, largely identical 
in conception and purpose, continuing to 
a large extent in administration, and 
identified by similar influences on de- 
sign and success in execution. 

From the first contacts the wisdom 
of the design and the satisfying quality 
of the work are apparent and impres- 
sive. This feeling is intensified when 
opportunity is found to observe, as later 
it was by the writer in Boston and 
vicinity, other parkways destined to the 
same general purpose, planned along 
the same generous and widespread lay- 
out, and detailed in such a manner as 
to be adequate for service but quite un- 
distinctive as parkways. 

The principal incentive to develop- 
ment of the big system of parks and 
parkways in Westchester and the 


Bronx, apart from the relatively minor 








Conditions responsible for the 
conception of the superhighway 
have led also to the use of the 
parkway to make possible the 
rapid movement of lightweight 
vehicular traffic through con- 
gested areas. Such developments 
have usually been in metropoli- 
tan and suburban areas; but the 
inherent possibilities of the park- 
way are so great that the Bureau 
of Public Roads considered it de- 
sirable to make an examination of 
some of the more important con- 
structions within convenient dis- 
tances of Washington with a view 
to analyzing the features that are 
of special interest to the engineer. 
The results of these examinations 
are reported as follows in the 
April issue of Public Roads by 
E. W. James. 











impulse due to the need of renovating 
the lower reaches of the Bronx River 
in upper New York City, as the city 
extended beyond the Harlem River, was 
the need for additional traffic arteries 
leading out from the New York metro- 
politan area into the only contiguous 
mainland available for suburban devel- 
opment. The intensity of this incentive 
may be somewhat measured by the 
alternatives of using bridges or tun- 
nels on the East and Hudson Rivers, 
or the inherently inadequate ferries 
across a normally more or less crowded 
harbor. 


The fact that essentially the Bronx 
and Westchester Parkways were con- 
ceived and have so far been executed 
as relief highways to a great metropoli- 
tan area is notable. The cleaning up 
following the completion of the great 
Bronx River Valley trunk sewer opened 
the way to elevating such needed high- 
ways into parkways, and the success 
with which the idea has been carried 
out is an example for all such work. 


The completed part of the system, al- 
though but a quarter of the whole pro- 
posed system, is large enough and old 
enough to furnish evidence of sound 
design. 


Certain outstanding features may be 
conveniently and briefly summarized: 

(a) The parkway is developed from 
the interior outward rather than from 
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the margins inward. This is funda- 
mentally important. 
(b) Intersections at grade with 


other traffic lines of all kinds are elimi- 
nated. 

(c) Access or approach roads, ramps, 
and border roads are brought into the 
parkway sparingly. The parkway is 
not intended to be just another local 
avenue or street. 

(d) A single 40-ft. pavement is con- 
sidered and apparently is adequate for 
all traffic so far developed under the 
limitations of the parkway regulations. 

(e) Two 20-ft. pavements segregat- 
ing traffic, with a parking between, are 
not adequate. Apparently two 30-ft. 
pavements are needed to equal a single 
40-ft. pavement in capacity. 

(f) Landscaping, finishing, planting 
and opening to the public follow as 
rapidly as construction conditions per- 
mit. Completed sections are built from 
the rough in two seasons. 

(g) All formal and studied landscap- 
ing is avoided.. More local trees and 
shrubs, taken from the adjacent woods 
and reset, are used than nursery stock. 

(h) Local stone is used in structures 
to a great extent, and unevenness of 


texture, color, and coursing, rather 
than evenness and regularity, are 
sought. 


(i) Bridge and structure designs are 
rustic and unsymmetrical and made to 
fit the situation. 

(j) The flat arch has been developed 
satisfactorily and attractively, and has 
been used in the solution of many diffi- 
cult grade separation problems. 

(k) Watercourses are cleaned, 
cleared, and controlled by judicious 
dredging and filling and by the use of 
small, inexpensive weirs. 

(1) Tangents are avoided in the 
pavement layouts. 

(m) Deep cuts are avoided and 
grades follow the surface. Earth nec- 
essary for fills is obtained by widen- 
ing cuts and flattening slopes in cut. 
To reduce fills curvature is introduced. 

Parkways Should Be Located in In- 
terior of Parks.—By placing the high- 
way development in the interior of the 
parkway area and working outward, all 
possible freedom in details of location is 
secured, and what is of most impor- 
tance, there is available on both sides 
of the roadway ample space for land- 
scape development necessary to screen 
and hide any objectionable or unsightly 
features adjacent to the parkway. Such 
screening is essential along a parkway 
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laid out through city suburbs, along 
railroads, and through small towns that 
invariably have purlieus that are unat- 
tractive. In addition, the interior de- 
velopment of the parkway encourages 
its separation from the rest of the high- 
way and street net in the vicinity. The 
relative advantages of the two general 
methods of interior and marginal de- 
velopment, respectively, are seen by 
comparing the Bronx and Westchester 
developments with the metropolitan 
park system around Boston, where the 
marginal system of designing prevails. 

The metropolitan park system is com- 
parable in size, conception and purpose 
with the Bronx and Westchester sys- 
tems. Starting with a sanitary clean- 
up of the lower reaches of the Fenway, 
a sluggish marsh estuary, outlet of a 
small brook from Jamaica Pond, the 
system has spread to include an area 
comparable with Westchester County. 
The marginal scheme of development 
has been unfortunately used to a large 
extent, with the disadvantages that are 
associated with it. As a result, the 
drives become the frontage streets for 
miles of private property. A large 
number of private driveways debouch 
directly into the park drives; for miles 
there is only a nominal distinction be- 
tween the parkway and an ordinary 
avenue. There are numerous points 
where it has been impossible to screen 
from view objectionable property abut- 
ting the parkways. 

On the other hand, in the Bronx and 
Westchester systems there is room for 
screening, and with the exception of a 
few hundred feet at one point the park 
driveway never serves as a frontage 
street to private property. Also, the 
distance from the right-of-way lines 
where interior development is used fa- 
cilitates the separation of intersecting 
routes. 

Highway Intersections at Grade Ob- 
jectionable.—The original policy of the 
Westchester County Park Commission 
with regard to intersectiong routes has 
been greatly strengthened. At first 
they eliminated only the most danger- 
ous grade intersections. Those remain- 
ing became such obstacles to traffic that 
the commission has removed all such in- 
tersections. Their policy now is to 
leave no grade intersection whatever, 
but at all principal highway grade sepa- 
rations ramps between the two arteries 
furnish a connection. This is unques- 
tionably sound and emphasizes the 
superhighway idea which was the 
strongest impulse toward the creation 
of the parkway system. 


The disadvantage of unseparated 
highway intersections was noted defi- 
nitely at many points in Fairmont 
Park, Philadelphia. Traffic police, au- 
tomatic signal control, and objection- 
able intersections are there numerous. 
The inadequacy of the design of earlier 
days is.apparent, and one is left with 
the conviction that there should be not 
the slightest hesitation to abandon the 
older ideas for new details that prom- 
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ise to serve better the demands of pres- 
ent traffic. 

In the matter of access roads the 
arterial highway aspect is also fully 
recognized in the Westchester park sys- 
tem. Access to the parkway is pro- 
vided at rather long intervals; by no 
means at every street intersection. In 
some instances the intervals are a mile 
or more in length. If abutting develop- 
ment requires it, a separate border road 
or street is constructed on which de- 
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Layout of Area for Vehicle Parking in Valley 
Forge State Park, Penn. 


velopment faces, distinct entirely from 


This condition is in marked contrast 
with the design and development of 
Roosevelt Boulevard northward from 
Philadelphia. 

This boulevard clearly indiactes what 
should be avoided in parkway design. 
To the city line the parkway consists 
of two 20-ft. or two 30-ft. pavements 
with a separating parked strip of ap- 
proximately uniform cross _ section 
throughout. At the present time traffic 
uses the east-side pavement only for 
a considerable distance because of the 
bad condition of the west side. With 
the exception of a few important rail- 
road grade-crossing eliminations, the 
entire boulevard is at the same grade 
as the streets of the subdivisions rap- 
idly opening to the north of Broad St., 
and the continued interruption to traffic 
promised by this design will in a few 
years ruin the parkway as an arterial 
route. It will become an elaborate city 
street and nothing more. 

Estimates of the probable traffic ca- 
pacity of a pavement should be modi- 
fied where the layout affords relative 
freedom from direct intersections. With 
few access roads and grades separated 
at all main intersections, the observa- 
tions stated under (d) are believed to 
be sound. With the four to five million 
people and 600,000 automobiles of New 
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York City as a principal source of 
traffic, and with a highly developed su- 
burban territory adjacent to much of 
the system, the Westchester commission 
finds the 40-ft. drive generally ade- 
quate. Two 20-ft. pavements, however, 
do not serve the peak traffic; and where 
the traffic lanes are separated by a 
parked strip, two 30-ft. pavements are 
found to be the equivalent of a single 
40-ft. drive. In only a few sections, 
approaching resorts that are devoleped 
or to be developed, where traffic will 
be excessively concentrated, has the 
commission used or planned a 60-ft. 
pavement. 

Definite Provision Should Be Made 
for Parking Vehicles—On Saturdays, 
Sundays and holidays all parking of 
vehicles along the parkways, except at 
areas definitely provided, is absolutely 
prohibited and the regulation is en- 
forced. Incidentally, luncheon parties 
are forbidden except at places pro- 
vided. With these restrictions on ve- 
hicle parking during the days of peak 
traffic, the 40-ft. pavement or the two 
30-ft. pavements adequately serve the 
traffic throughout most of the system. 

Parking grounds for vehicles con- 
stitute a difficult problem for the park- 
way designer, because large areas, 
barren in appearance; add nothing of 
beauty to the parkway. Definite pro-. 
vision must be made for parking, how- 
ever, if it is to be allowed. The design, 
layout, and construction of parking 
areas for motor vehicles in Valley 
Forge State Park, Pa., was observed 
as one of the distinctive features of this 
park. 


The pathways which were noted be- 
tween the parked vehicles added rela- 
tively little to the required parking area 
and furnished an element of safety and 
convenience. This feature would be 
particularly desirable in an expansion 
of the design to accommodate several 
hundred cars. 


A sketch is shown of the smaller of 
the two areas seen, which gives the de- 
tails and dimensions. Two such areas 
are located in Valley Forge Park, one 
to hold about 40 cars and the other 
about 90. Similarly, at Bear Moun- 
tain Park rather skillful use has been 
made of limited areas for vehicle-park- 
ing purposes. No fair judgment could 
be reached regarding the effect of park- 
ing areas on the congestion at the west 
end of Bear Mountain Bridge. There is 
a heavy traffic which naturally seeks 
access to the various roads from the 
bridge, and also a maneuvering of ve- 
hicles to get into and out of the irregu- 
lar and scattered parking areas. But 
the need of such areas is obvious, and 
they should be located and their lay- 
outs studied with great care to insure 
freedom of access and ease of entrance 
and exit. 

The circuitous approaches to the Bear 
Mountain Bridge, compelled by the 
topography, are in all cases to be 
avoided where possible and especially 
when in juxtaposition with parking 
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areas. Their disadvantage is obvious to 
one driving over them. 

Landscaping an Important Problem. 
—The Westchester County Park Com- 
mission has found its work popularized 
and results expedited by landscaping 
and finishing the parkways with its own 
forces immediately after construction. 
In the heavy grading the slopes are not 
left with unsightly angles, but are flat- 
tened, so that the parkway forces can, 
with little additional work, ease them 
off naturally into the existing topog- 
raphy. Only in a few cases, where 
heavy fills have been unavoidable, is 
there any impression of outstanding or 
sharp construction lines. On the other 
hand, no effort is made to keep the 
slopes in a flat plane; they are rounded, 
flattened or worked into warped sur- 
faces to match with the topography, 
maintaining only the general direction 
of slope required by drainage. 

In the finishing, the local resources 
are used as much as possible. Trees, 
shrubs, wild flowers and rock obtained 
from adjacent land in or without the 
parkways are used in appropriate ways. 
White birch trees, scattered through the 
woods, are taken up, reset and grouped. 
Wild flowers are bedded in groups, and 
even the common sumach was observed 
as an especially good material for low 
screening purposes. 

Local stone has been used for struc- 
tures in preference to a better quality 
but more uniformly colored stone from 
other places. The variegations of the 
local stone are much preferred to the 
flat tones of even colored granite from 
the New England quarries within reach. 
Both stones have been tried and the 
commission now uses granite of uni- 
form color only for copes, quoins, and 
other occasional trim, in which it con- 
trasts pleasantly with the uneven and 
more roughly dressed local stone. 


Besides using a material natural to 
the landscape setting, the structural de- 
signs are made to fit each location. 
Bridge copes are not always symmet- 
rical; where the situation requires it 
one side is raised higher by steps to 
meet the topography. Flat surfaces are 
broken with pilasters and counterforts; 
exposed abutment faces under flat 
arches are paneled in different colors. 
Flat, stepped, battlemented, and ran- 
dom cope is freely used, often in the 
same structure, and the effect is pleas- 
ing. The flat arch, used originally to 
provide clearance at the sides, has been 
developed satisfactorily, and is unques- 
tionably less tunnel-like than circular 
arches. 

With all this departure from estab- 
lished engineering lines, always, of 
course, for the purpose of obtaining 
beautiful effects, the merely novel finds 
no satisfactory place. In two instances 


masonry bridges have been built with 
the outlines of suspension bridges, and 
these designs have resulted in nothing 
but deserved failure, admitted frankly 
by the commission’s engineers as un- 
fortunate mistakes. 
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The presence of a brook or small 
stream in a parkway is assuredly an 
asset from the point of beauty. By a 
very simple treatment of dredging, fill- 
ing, and introducing small weirs, all 
shadows and marshy areas are at once 
eliminated, a clear demarcation set be- 
tween water and dry land, and the 
stream lines are varied by broadening 
and contracting the channel. 

A distinctive and very pleasing fea- 
ture of Forest Park, Springfield, Mass., 
is the development of basins and the 
use of aquatic plants as well as land 
plants for pleasing effects. Even the 
common cat-tail, as well as delicate 
Egyptian and Phoenician lotus, is there 
used effectively. 

Tangents and Curvature.—The final 
points, (1) and (m), relating to tan- 
gents, curvature,-and grading are im- 
portant in their application to parkway 
construction. The constant rather sharp 
curvature in some places in West- 
chester is undesirable, as observed, and 
the introduction of curvature is carried 
to extremes, certainly at some points. 
It has been done, doubtless, in the in- 
terests of landscaping. On the other 
hand, it requires no expert qualities to 
determine that long, unbroken tangents 
are ugly and undesirable except on an 
intended speedway. They are to be 
avoided rather than sought, and where 
used should be relieved by some vistas 
that convert them into attractions. 

The widening of cuts excessively to 
get earth, instead of deepening them 
and of reducing fills by curvature, has 
the general effect of leaving the land 
largely unmarred and enables the land- 
seape forces to disguise and conceal 
construction lines. Reducing the gra- 
dient of side slopes to angles below that 
of repose largely prevents slipping, 
washing, and weathering, and planting 
and growth of vegetation are facilitated. 





Reconstruction of French 
Highways 

Official statements and figures re- 
cently made public in the report of the 
finance commission of the Chamber of 
Deputies for the 1929 budget set forth 
authoritatively the present status of 
the highway system of France. 

Since the beginning of the program 
for complete restoration of the entire 
system, in 1919, the appropriation for 
the nine fiscal years 1920-1928 have 
totalled 2,056 million francs, for res- 
toration and maintenance combined. It 
is estimated that owing to increased 
wear on highways from the greatly 
augmented post-war automotive traffic, 
this figure should have been 3,000 mil- 
lions, and there has heretofore resulted 
an annual deficit for maintenance dur- 
ing this period. 

Cost of Restoration Increasing.—The 
cost of restoration has naturally in- 
creased with the passage of time and 
the cumulative lack of adequate current 
maintenance, making the deficits still 
more notable. The annual upkeep cost 
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alone is placed at 500 million francs 
by 1928, and it has become evident that 
this cost is likely to reach excessive 
figures if the restoration is not hastened 
to completion. This does not represent 
the actual total expenditure on the 
roads, for the departments and com- 
munes assume certain maintenance of 
local and secondary roads whose value 
is not included therein, and which is 
now a heavy burden upon them. 


13,000 Kilometers Remain Unrestored. 
—On January 1, 1929, there remained 
for restoration 12,400 kilometers of 
macadamized roads, and 600 kilometers 
of paved highways, out of a total na- 
tional system of 40,000 kilometers, the 
restoration cost of which is estimated 
at 950 million francs, 700 million for 
the macadamized roads, and 250 mil- 
lion for the paved roads. In spite of 
the pressing need for completion of this 
work, the budget commission found it- 
self unable to recommend for the 1929 
appropriation for highways and bridges 
more than Frs. 623,260,000, an increase 
of 10 per cent, or Frs. 56,745,000 over 
the 1928 allotment. 


Maintenance Concentrated on Recon- 
structed Roads.—Naturally the govern- 
ment has concentrated its maintenance 
work on the roads already restored, and 
has spent upon restoring the main high- 
ways all that could be saved by barely 
maintaining in usable condition the 
roads that still awaited reconstruction. 
The fiscal situation in respect to high- 
ways has begun to be disquieting, the 
coefficient of relative cost between 1914 
and 1928 have risen to 14, and there 
being now present additional factors of 
increased cost over pre-war days. Of 
these modern use of the automobile is 
the primary, rendering obsolete and in- 
adequate the former type of road, as 
well as most bridges. The simple sur- 
facings of sand and calcareous stone, 
procurable locally for the most part 
at small cost for transport, must néw 
be replaced by heavier rock obtained 
in distant quarries and involving large 
transport charges, and by tar, pitch 
and other asphaltic binders not largely 
produced in France and whose cost is 
mounting. 


Cost of Various Surfacing.—The 
present cost of road surfacing in France 
is reported by the commission as fol- 
lows: 

French 














Frances per 

Square Meter 

Ordinary stone dam 6 told 

Tarring 2.50to 3 

Pitch and gravel 38 to 4 

For more expensive and solid construction: 
French 

Francs per 

Square Meter 

Where furnace elag is available............ 15 tol8 

Tar macadam 20 to 25 

Reinforced concrete ........... oe Ge 6G 


Bituminous or asphaltic mortars... 50 
Mosaic stone paving 60 
Standard large stone paving................ 100 





Road paving with brick is now being 
experimented with, and it is hoped that 
its cost would not exceed 100 francs 
per square meter. 
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Constructing a 16 Mile Road in a Sparsely 
Settled Region 


Temporary Plant Washes, Screens 
and Crushes River Sand and Gravel 


N the upper Allegheny River valley 

in Pennsylvania there is being built 
a new state Highway which should have 
unusual interest for road contractors 
and sand and gravel producers because 
of the difficulties that have to be sur- 
mounted in supplying concrete mate- 
rials to the job. 


This is a section of State Highway 
Route 66, extending north and south 
along the east bank of the Allegheny 
River for approximately 16 miles be- 
tween the small towns of Tidioute and 
Irvinetown Junction, which are both on 
the west side of the river and connected 
with the new highway by bridges. At 
Irvinetown, the new road will join U. S. 
Route 6, the Roosevelt Highway. 


Local Conditions.—In some respects, 
the conditions surrounding this job are 
like those that could be expected in a 
sparsely settled region far from civil- 
ization. The road does not pass through 
a single town or settlement in the six- 
teen-mile stretch, nor are there any on 
the other side of the river. Most of 
the road is on the very edge of the 
river bank at the foot of high timbered 
hills which shade the road from the sun 
most of the day. A few scattered hill- 
side farms are encountered along the 
route, but for the most part the coun- 
try is wild, and scenically beautiful. 


Along the west bank of the river runs 
a branch of the Pennsylvania R. R., a 
single track line between Olean, N. Y., 
and Oil City, Pa., the only connection 
between this benighted region and the 
busy outside world. The river is not 
navigable throughout this stretch and 
cannot, therefore, be considered a thor- 
oughfare of travel. Existing roads on 
both sides of the river are mud roads 
of the worst description and impassable 
even for light cars and wagons a large 
part of the year. 


Customary Requirements Modified.— 
This lack of transportation facilities 
presents many difficulties in the con- 
struction of the highway, and has 
caused the state highway department to 
make some modifications of its custom- 
ary requirements. Ordinarily, concrete 
highways in Pennsylvania must be built 
of limestone, in accordance with the 
established practice, but it was so im- 
practicable to get limestone to the job 
that the highway department has per- 
mitted this road to be built of gravel 
concrete. 

Sand and gravel could be obtained 
from commercial plants at Warren, 


By CHAS. E, ASHCRAFT 
Pittsburgh, Pa. 


some 15 miles away, but trucking was 
impossible because of the lack of roads. 
Rail shipment was impractical because 
of high freight rates and the necessity 
of getting the material across the river 
if it did come in by rail. Shipment by 
water was impossible. The obvious 
step, therefore, was to install a plant 


needed and waste the excess in some 
way. About the only advantage that a 
derrick boat method would have offered 
was in handling this waste problem, as 
with the boat method the waste could 
have been returned to the river, while 
the fixed plant method would have re- 
quired some additional equipment to 





The 1%4 yd. Slackline Cableway at Site on Allegheny River 


for producing sand and gravel on the 
job. 

Sand and Gravel Plant.—The only 
question in this connection was what 
kind of plant to use. The contractors, 
the- York Engineering & Construction 
Co. of York, Pa., decided to use a fixed 
screening and washing plant on the 
shore, with a slackline cableway exca- 
vator to dig the material and transport 
it to the screens. A tentative location 
about midway of the job was selected 
and some test holes put down in the 
river to determine the depth of mate- 
rial. As these indicated at least 35 
ft. of sand and gravel at all points, this 
location was adopted. 

The government issued a permit for 
the construction and operation of the 
plant, but required that no waste gravel 
be disposed of in the river along the 
shore or on the bank below the high 
water elevation. As the sand in this 
portion of the river runs low in pro- 
portion to the gravel—about 1 to 4— 
it was obvious that, in order to secure 
enough sand for the job, the contractor 
would have to dig more gravel than 


carry off the waste and the permission 
of the owners of the property to 
waste the material on the shore above 
the high water line. At three locations 
considered the owners refused this 
permission. 

Gravel Crushed Down to Sand.—At 
this point the highway department came 
to the rescue and permitted gravel to be 
crushed down to sand, thereby killing 
three birds with one stone, for this 
step increased the amount of sand, de- 
creased the amount of waste gravel and 
decreased considerably the total amount 
of material to be dug. This in turn 
made it possible to use a smaller cable- 
way than otherwise required. The con- 
tractor then selected a 1%4-yd. Sauer- 
man slackline cableway excavator with 
a capacity of 45 to 50 cu. yd. per hour 
on an average haul of 400 to 450 ft., 
equivalent to 70 to 80 tons of crushed 
and screened material. 

Crushing Operation.—Slackline cable- 
way operation on the Allegheny River 
is getting to be an old story, as this 
cableway is the ninth Sauerman ma- 
chine of this type that has been in- 
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stalled on this river in the past seven 
years for digging sand and gravel. The 
feature of greatest interest, therefore, 
will probably be the crushing operation. 
Two crushers will be used—a No. 8 
Yelsmith primary breaker for reducing 
the oversize between 2% in. and 8 in., 
and a No. 25 Kennedy-Van Saun reduc- 
tion crusher for reducing pea gravel 
between % and % in. to sand. These 
will not be worked in tandem, as is 
the usual case, but will be independent 
of each other. Both will discharge, 
however, to the same bucket elevator 
which will return the crushed product 
to the screen. 

Crushing of Allegheny river gravel 
has been tried more or less by vari- 
ous operators, but no successful oper- 
ation of any size has resulted. Sand- 
stone boulders give no trouble and crush 
readily into sand grains, but unfor- 
tunately a good deal of the river gravel 
is very hard, flinty material (“nigger- 
heads”) which crushes into flats and 
splinters and will not screen through 
round holes of the desired size. This 
condition has been anticipated in the 
present plant and due allowance made 
for it. Results in a temporary plant 
may often be considered satisfactory 
where they would not in a permanent 
plant. It is expected that the propor- 
tion of sand from the fine crushing 
operation will not be as much as desired 
and there will be some waste mate- 
rial to dispose of, but that its disposal 
will not be burdensome or unduly 
expensive. 

Pipe Line Transportation of Cement. 
—Another feature of considerable in- 
terest will be the novel method of get- 
ting cement across the river from the 
railroad to the plant side. A 3-in. pipe 
line will be suspended on a 1%%-in. cable 
crossing the river on a 300-ft. span. 
This pipe line will lead out from a 
specially designed hopper at the rail- 
road siding, and at the other end will 
discharge into a steel bin near the 
gravel plant. The cars bringing the 
bulk cement from the mill are so con- 
structed that they will make a con- 
venient connection with the hopper, and 
compressed air will blow the cement 
from the hopper through the pipe line 
to the storage bin, a distance of about 
900 ft. 


Concrete materials will be delivered 
to the mixer on the job by trucks 
carrying accurately weighed amounts 
of sand, gravel and cement sufficient 
for one batch of concrete. The con- 
crete proportions are 1:2.2:3.5. The 
road is 16 ft. wide, 9 in. thick at the 
edges and 7 in. thick at the middle. 
Approximately 275 tons of sand and 
440 tons of gravel will be required per 
day of 10 hours to meet concreting re- 
quirements. It is expected that the 
river will furnish about 145 tons of 
sand and 580 tons of gravel daily, so 
that about 130 tons of gravel will have 
to be crushed to make enough sand. 
These figures are likely to vary consid- 
erably in operation and the crushing 





ROADS AND STREETS 





Temporary Plant for Washing, Screening and 
Crushing River Sand and Gravel 


plant has been proportioned to take 
care of considerable variation. 

The cost of building the plant has 
been unduly high because of the dif- 
ficulty of transporting the heavy ma- 
chinery from 10 to 15 miles over the 
roughly graded roadbed at a season of 
the year when it was in the worst pos- 
sible condition—just after the frost had 
gone out of the ground and before it 
had time to dry out. All machinery 
was hauled on trucks pulled by tractors 
and there were plenty of “bog downs.” 





U. S. Delegates to Rio Road 
Congress Named by 


President 


United States delegates to the Sec- 
ond Pan American Congress of High- 
ways to be held at Rio de Janeiro, Aug. 
16 to 31, were named on June 17 by 
President Hoover. 

J. Walter Drake, Detroit, Mich., 
former Assistant Secretary of Com- 
merce, one of the founders of the Pan 
American Confederation for Highway 
Education, and a member of its execu- 
tive committee, was designated chair- 
man of the commission. Mr. Drake 
also is a director of the National Auto- 
mobile Chamber of Commerce. 

From the legislative branch of the 
government, the President named Sena- 
tor Tasker L. Oddie, a member of the 
Senate Committee on Post Offices and 
Post Roads, author of numerous high- 
way and transportation bills in the 
United States Senate, and Congressman 
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Cyrenus Cole, author of the Cole reso- 
lution appropriating $50,000 for a sur- 
vey of the Pan American Highway, and 
long and intimately identified with leg- 
islation pertaining to Latin American 
affairs. 


As the technical member and eco- 
nomic adviser of the Commission, the 
President named Thomas H. MacDon- 
ald, chief of the United States Bureau 
of Public Roads and chairman of the 
Highway Education Board. Mr. Mac- 
Donald is a member of the executive 
committee of the Pan American Con- 
federation for Highway Education, rep- 
resented the United States at the Fifth 
International Road Congress at Milan 
in 1926, and was a member of the 
United States delegation to the First 
Pan American Congress of Highways 
at Buenos Aires in 1925. 


Representing the state highway de- 
partments, the President named Frank 
T. Sheets, chief highway engineer for 
Illinois, former president of the Ameri- 
ean Association of State Highway Of- 
ficials, who is in charge of one of the 
largest highway construction programs 
in the United States, and Charles M. 
Babcock, Minnesota commissioner of 
highways, a membe-; of the United 
States delegation to the First Pan 
American Congress of Highways at 
Buenos Aires, and one of the ranking 
figures in highway finance in the United 
States. Mr. Babcock also is a former 
president of the American Association 
of State Highway Officials. 


In addition to Mr. Drake, H. H. Rice 
is the second member of the commis- 
sion from industry. Mr. Rice was chair- 
man of the United States delegation to 
the Buenos Aires Conference. He is 
a member of the Highway Education 
Board and treasurer of the National 
Automobile Chamber of Commerce, as 
well as a recognized authority on high- 
way finance. 

The eighth member of the commis- 
sion is Frederick A. Reimer, widely 
known consulting engineer and presi- 
dent of the American Road Builders’ 
Association. 


The commission goes to the Brazilian 
capital as the official representatives of 
the United States Government, Con- 
gress by resolution during the last ses- 
sion having authorized the acceptance 
of the invitation of the Brazilian gov- 
ernment and the appointment of a dele- 
gation by the President. 


According to advices from Rio de 
Janeiro, the organization plans for the 
Congress already are well advanced, 
under the direction of President Wash- 
ington Luis and the immediate super- 
vision of Dr. Timotheo Penteado,. na- 
tional director of highways, and Dr. 
Lima Campos, secretary of the organ- 
izing committee. Both Dr. Penteado 
and Dr. Campos were members of the 
First Pan American Highway Commis- 
sion which visited the United States in 
1924 as guests of the Highway Educa- 
tion Board. 
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Latest Developments in Asphalt Paving Practice 


Subgrades—Base—and 
Wearing Surface 


By HUGH W. SKIDMORE 


Of Chicago Paving Laboratory, Inc., and Craig, Skidmore & O’Brien, Inc., Chicago 


DISCUSSION of this subject 
should not be confined to asphalt 
wearing courses, because an asphalt 
pavement, in common with all others, 
must have an adequate base which in 
turn superimposes a subgrade, good, 
bad or indifferent. Bases may be of 
several distinctly different types struc- 
turally and likewise subgrades may, and 
frequently do, vary greatly within the 
limits of a given project. Thus we find 
our discussion encompassing develop- 
ments in base practice and subgrade 
classification and treatment. 
Subgrade.—Fundamentally the sub- 
grade should be considered before the 
base and surfacing are designed, be- 
cause the nature and bearing capacity 
of the soil may control the choice of 
both base and surfacing. Poor sub- 
grade may respond to drainage or 
treatment readily and cheaply so that 
it will be the. equal of good subgrade, 
or it may require such extensive treat- 
ment as to warrant spending more on 
the pavement and little or nothing on 
the subgrade. However, reasonably 
good subgrade support is so basic as to 
render doubtful its neglect in favor of 
expensive pavement in the vast major- 
ity of cases. There is even some doubt 
as to whether it should ever be ne- 
glected in the light of expensive main- 
tenance and reconstruction in years to 
come. In any event, subgrade is so im- 
portant that every operation depends 
upon its character. 


One large project recently investi- 
gated, included a variety of conditions 
none of which has been taken into ac- 
count in designing the pavement. Both 
top and base had followed arbitrary 
standards of thickness and mixture that 
were quite satisfactory where drainage 
was good and subgrade support ample, 
but failed miserably when conditions 
changed suddenly within the project. 


When the Drainage Was Neglected.— 
A considerable cut was made at the top 
of a hill adjoined by a heavy fill dimin- 
ishing to zero in a few hundred feet, 
from which point on for a mile or more 
the street passed through a very flat, 
poorly drained section in which water 
stands in great ponds during the spring 
and fall seasons. The pavement is not 
on a fill through this section, which 
means that the concrete base is satu- 
rated a great portion, if not all, of the 
time and especially during freezing 
weather. Hence in a period of only a 
few years, the base has failed in the 
cut from lack of proper intercepting 
drainage, on the fill from settlement, 
and in the flat section from disintegra- 


tion of concrete due to freezing of satu- 
rated base. Cores taken from this 
project, together with a careful study 
of subgrade conditions, prove conclu- 
sively what has happened. At no point 
has the sheet asphalt top failed except 
as it has finally followed the broken 
or settled concrete base. Thus an as- 
plant pavement has failed through no 
fault of the asphalt and a concrete base 
has failed because its subgrade support 
was not uniform in one case and in the 
other because it was saturated. 

Obviously drainage would have elimi- 
nated this extensive failure except that 
caused by fill settlement, in which case 
the fill was too new at the time of con- 
struction. No pavement of economical 
design is capable of withstanding such 
extremely adverse conditions. 

Classification of Soils——Recent devel- 
opments in subgrade investigations and 
soil studies have provided comparative- 
ly simple means of classifying soils 
with respect to bearing power and 
drainageability together with various 
means of subgrade treatment such as: 

1. Porous layers on certain soils. 

2. Insulating layers of fine, granu- 
lar materials to prevent soft soils 
from working up into macadam 
bases, or porous sub-bases. 

3. Bituminous treatment to break up 
capilarity, and to prevent fine 
soils from working up into mac- 
adam bases. 

4. Compacted layers of gravel, stone, 
slag, ete., to correct lack of uni- 
formity of subgrade support. 

5. Drainage to remove moisture 
from wet areas, and to prevent 
wetness by intercepting flow from 

- water-bearing strata. 

Research work now in progress prom- 
ises to develop much more valuable 
knowledge of subgrade performance.* 

Base.—Pavement bases must. trans- 
mit loads to a subgrade. The subgrade 
is essential and must finally carry the 
entire load of traffic. In the subgrade 
is good and of high supporting capac- 
ity, the base or foundation course may 
distribute the load over a comparatively 
small area without danger of rupture 
of the pavement base or surfacing. As 
the load bearing capacity of the sub- 
grade diminishes or traffic loads in- 
crease, the foundation must distribute 
load over a greater area in order to 
avoid base failures. This becomes true, 
however, only when the danger point 
is approached, and is not an arbitrary 


*Reference is made to the valuable discussion 
of this subject by C. A. Hogentogler, in Pro- 
ceedings of American Road Builders, 1929, and 
the May issue of “Public Roads.” 
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rule, but is entirely relative to the 
actual capacity of the subgrade and 
traffic loads. 

As has been shown above, correction 
of defective subgrade is basic, and 
should be abandoned only after most 
careful diagnosis, if at all. But even 
fairly good subgrades differ in capac- 
ity, so that arbitrary laws governing 
base type and thickness for a given 
traffic load cannot be laid down. Thus 
a thin 3-in. or 4-in. base may be ample 
for one subgrade, while a 5-in. or 6-in. 
might be required for another, etc. 
Likewise a macadam base may be en- 
tirely ample for one subgrade and en- 
tirely inadequately for another unless. 
subgrade is artificially stabilized or 
base thickness is increased beyond pos- 
sibly an economical limit. 

Old Roadbeds as: Foundations.— 
Traffic bound bases, such as old road-. 
beds, are nearly always excellent foun- 
dations for two very substantial rea- 
sons; they are thoroughly compacted 
and free from further settlement, and 
they are capable of carrying the traffic 
even though they may fail or have 
passed their, useful period as wearing 
surfaces. It is because of these im- 
portant economic reasons that resur- 
facing has become so popular. It has 
thoroughly demonstrated the folly of 
destroying a present investment for a 
new one of doubtful economy. Like- 
wise stage construction, or progressive 
development of pavement commen- 
surate with present needs while simul- 
taneously laying in a store of valuable 
assets in the nature of future base for 
a surface of the first order when such 
shall be required, is constantly impress- 
ing more and more engineers with its 
soundness. Wide awake municipal en- 
gineers have recognized the economy 
of such development for many years, 
but are frequently prevented from uti- 
lizing it because of legal difficulties at- 
tending special assessment work. Sev- 
eral eastern states have employed it 
with outstanding success, likewise the 
state of Michigan is doing the same 
thing in connection with gravel and 
macadam roads. 

Such construction marks one of the 
greatest of recent developments in as- 
phalt paving practice and affords one 
of the most fertile fields for further 
progress. 

Black Base.—Black base cannot be 
properly called a recent development; 
it is actually one of the oldest types of 
base in the country. However, in its 
present advanced state, it can be called 
one of the most important developments 
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in recent asphalt paving practice. Hav- 

ing been a close student of this type 
of construction for many years, I do 
not know of a single instance where it 
has failed of performance and that is 
something which cannot be said of any 
other type of base. True, it should not 
be employed in utter disregard of ex- 
act type (premixed, hot or cold, pene- 
tration, mixed-in-place, etc.) thickness, 
character of subgrade and drainage, 
but, taken “catch-as-catch-can,” it has 
a remarkable record of performance. 

Sometimes no base is required. Now 
and then cities find themselves the for- 
tunate possessors of natural bases in 
subgrades of high supporting capacity 
such as gravel or sand. Where such 
conditions exist, advantage should be 
taken of these assets in designing 
pavement. There are numerous ex- 
amples of asphalt wearing surfaces laid 
directly upon native subgrades of this 
class, which have given complete sat- 
isfaction for many years. I have in 
mind a certain section within the city 
of Joliet, Ill., where the asphalt sur- 
facing is laid directly upon native 
gravel subgrade. These pavements have 
given excellent service for about 20 
years. 

Asphalt surfaces are a great pro- 
tection to portland cement concrete 
slabs. This is perhaps the most out- 
standing fact developed by such experi- 
mental pavements as the Bates and 
Arlington Experimental Station Roads. 
Such surfaces protect their rigid bases 
against breaks following cracks in the 
concrete. They do not, however, pre- 
vent cracks and it is folly to expect 
no cracks in an asphalt pavement laid 
on concrete base. Soft asphalt and 
rich mixtures are no cure for this evil. 
Rich mix bases are likewise no insur- 
ance against cracking; on the contrary, 
tend to encourage it. Rich mix in bases 
is only justified in the case of persist- 
ently wet subgrades and even in these 
cases subgrade treatment and drainage 
nearly always proves to be more eco- 
nomical. It is well known that the 
richer mixes of concrete are more re- 
sistant to disintegration from freezing, 
hence will usually outlast very lean 
mixes on very wet subgrades. 

One of the recent developments in 
asphalt paving that is increasing in 
great strides, is the resurfacing of bad- 
ly worn and cracked portland cement 
concrete pavements. For this purpose, 
hot mix asphalt is proving to be the 
ideal material. 

Another development in connection 
with concrete bases is machine finish- 
ing, leaving only a rough, grainy sur- 
face instead of the usual irregular sur- 
face. Machine finished base has the 
advantage of generally smoother as- 
phalt surfaces. It is not advised, how- 


ever, unless surface mixtures of good 
stability are laid after careful design. 
The city of St. Paul, Minn., has pio- 
neered in this development with success. 

Wearing Surfaces.—Undoubtedly the 
two outstanding developments in the 
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field of asphalt paving mixtures are, 
first, rational mixture design from ac- 
tual scientific basis instead of the old 
“cut and try” method and, secondly, 
the stability or shear test for rating 
mixtures according to traffic require- 
ments. This test is of great value in 
investigation of failures, examination 
of materials, design of mixtures and 
control during construction. 


Two stability tests are in use. One 
is the Hubbard-Field test which is 
adapted only to fine mixtures such as 
sheet asphalt. This test gives an em- 
pirical value which represents a com- 
bination of functions of the mixture un- 
der test. The other is our own test 
(Chicago Paving Laboratory) which 
measures the shearing strength of the 
mixture and is adaptable to all types 
of mixture regardless of size of aggre- 
gate. 


Both tests are made at the same tem- 
perature, and for fine mixtures, upon 
cylinders of the same size. In our test, 
cylinders are increased in diameter and 
height as the aggregate increases in 
size. The Hubbard-Field results are 
not capable of reduction to unit stress, 
consequently are expressed in total load 
required to cause failure, hence must 
always refer to specimen of the same 
size. The Chicago Paving Laboratory 
shear test gives values of the basic 
stress that resists rutting and waving 
(distortion under traffic loads) and 
these are expressed in pounds per 
square inch. A fairly accurate conver- 
sion factor is possible between the two 
tests when applied to fine aggregate 
mixes such as sheet. Joint work be- 
tween Messrs. Hubbard and Field and 
our laboratory shows that Hubbard- 
Field values are about 75 times ours 
for identical sheet mixtures. - 


For several years the need of a phys- 
ical test for asphalt paving mixtures, 
capable of measuring resistance to dis- 
placement under traffic, has been badly 
needed. Several years’ experience in 
both laboratory and field leaves no 
doubt as to the real practical value of 
these two tests. Since they have been 
in use, much valuable data has been 
developed concerning mixture perform- 
ance. In every case of tests upon old 
mixtures that have given years of sat- 
isfactory service, we have found stabili- 
ties in line with those for which we are 
designing under similar traffic condi- 
tions today. For example, mixtures 
showing shear strength of 50 lb. per 
square inch, or better, are withstanding 
the dense, heavy traffic of Michigan 
Ave. in Chicago, whereas those showing 
only slightly less than this are rutting 
under the bus traffic. 

Thus it is obvious that mixtures need 
not be designed in the hope that they 
will withstand the traffic but they may 
be so designed that they are certain 
to do so. The stability, or shear, test 
has done two important things that 
alone more than justify it as a prac- 
tical test; it has exposed the fallacy 
and danger of attempting to increase 
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stability by means of (a) using harder 
asphalt cement and (b) laying dry mix- 
tures containing less bitumen than will 
comfortably fill the voids in the min- 
eral aggregate. Extensive investiga- 
tions show, first, that a 10 point drop 
in penetration will mean a gain of only 
about 5 Ib. per square inch shear 
strength, whereas an increase of 3 per 
cent in raw filler, say from 15 to 20 
per cent in terms of total mix, usually 
means at least doubling or trebling the 
shear strength; secondly, both decrease 
and increase of bitumen beyond a cer- 
tain optimum amount causes a drastic 
falling off in stability. Hence by ap- 
plying a scientifically correct test, it is 
easily proven that “guessing” and “hop- 
ing” for results may lead into danger- 
ous ground—the most commonly used 
remedy for lack of proper stability not 
only failed to accomplish hoped for re- 
sults, but actually harmed the mix. 


Correct modern practice calls for two 
cardinal principles, use as much bi- 
tumen as the mixture will carry, and 
use a soft bitumen consistent with the 
traffic and actual stability afforded by 
the mixture. If greater stability is 
needed, this can readily be accomplished 
by manipulating the mineral aggre- 
gates, especially the filler which is the 
most important stabilizing factor. It is 
just plain ignorance to try to design 
an asphalt mixture around an arbitrary 
percentage of bitumen. 


Thorough Mixing of Aggregates Im- 
portant.—An important item in mixture 
preparation that was disclosed by the 
field investigations of Messrs. Hubbard 
and Field last summer, is the impor- 
tance of thorough mixing of the aggre- 
gates before the asphalt cement is 
introduced. Uniformity of mixture de- 
pends upon about 30 seconds dry mix 
with an additional 15 to 30 seconds af- 
ter adding the asphalt. The stability 
test proved invaluable in this investiga- 
tion. The importance of such definite 
knowledge as this is obvious. Con- 
tinued mixing at high temperature with 
the asphalt in thin films on the mineral, 
tends to harden it materially, in fact, 
decidedly dangerous hardening occurs 
of temperatures above a certain mini- 
mum, depending upon the asphalt used. 
Thorough dispersion of mineral once it 
is coated is not readily obtained, hence 
the importance of dry mixing with only 
such additional times as will accomplish 
thorough coating of mineral since that 
is all that is necessary. Thus it is seen 
that arbitrary long mixing periods may 
not only fail to accomplish the desired 
results but are actually dangerous. 


Use of Machine Finishers.—The most 
recent development in the art of laying 
mixtures is the use of machine finish- 
ers similar to those used on portland 
cement concrete pavements. These ma- 
chines, adapted to hot mix, have proven 
very successful on highway work, but 
as yet have not been worked out for 
city pavements where intersections and 
changing section introduces a problem. 
It is to be hoped that some type of me- 
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chanical finisher will be devised for use 
on city pavements. 

The use of a lute on freshly raked 
mixture has now become almost univer- 
sal, likewise the heavy three-wheeled 
roller for initial compression. All of 
these improvements not only affect 
quality of workmanship, but are the 
source of real economy. 

Continued research investigations by 
leading technologists are not only sub- 
stantiating many things that have been 
suspected, but are also bringing to light 
many new and important facts pertain- 
ing to the manufacture and laying of 
asphalt paving mixtures. The old order 
of “rule of thumb” procedure must give 
way to more modern scientifically cor- 
rect and practically sound methods. 

Acknowledgment.—The foregoing pa- 
per was presented June 26 before the 
Michigan Municipal League at Grand 
Rapids, Mich. 


Problems of the Engi- 


ing Profession 


Due to General Public Misconcep- 
tion of True Professional Status 





By D. B. STEINMAN 
Consulting Engineer, New York City 


HE enginering profession is con- 

‘fronted with a number of problems 
arising from general public misconcep- 
tion of the true professional status of 
the engineer. 

Improper Method of Engaging Engi- 
neering Service.—One of these prob- 
lems is the persistence of public officials 
in following improper methods of se- 
lecting and engaging professional ergi- 
neering services. 

It is still regrettably common for 
municipalities or counties, contemplat- 
ing some public work, to ask engineers, 
either by advertisement or by letter, 
to submit competitive bids for furnish- 
ing the required engineering services. 
Such procedure for engaging profess- 
ional services is fundamentally wrong 
in principle. It virtually reduces the 
selection of an engineer to the basis 
of fee-competition. It hurts the pro- 
fession by lowering its standards. It 
harms the public interest by placing a 
premium on cheapness of service 
rather than on high standards of pro- 
fessional qualifications. 

Let us consider a parallel case. If 
you were in need of a surgeon to per- 
form a critical operation, requiring 
specialized knowledge and skill, with 
perhaps a human life hanging on it, 
what course would you follow? You 
certainly would not ask different phy- 
sicians to submit competitive bids for 
performing the required operation. You 
certainly would not go from door to 
door and engage the doctor who would 
quote you the lowest fee for the opera- 
tion. You might find a raw medical 
graduate who would undertake the case 
without adequate compensation for the 
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sake of the experience, but you certainly 
would not entrust it to him. On the con- 
trary, you would seek the most expert 
suregeon, one of the highest standing 
and reputation in his field. The question 
of fee would be a secondary considera- 
tion. Where human life is at stake, 
you want the best professional services, 
not the cheapest. 

Suppose you required legal services 
on matters involving millions of dollars, 
what procedure would you follow? 
Would you engage the cheapest lawyer 
you could find, or the best you could 
secure? You certainly would not call 
for competitive bids for the required 
legal services. You might secure an 
inexperienced or second-rate lawyer for 
a lower fee, but you would gladly pay 
the difference to retain the best legal 
counsel where large property interests 
are at stake. 

Selection on Basis of Qualification.— 
The same principles should apply even 
more forcibly in the selection of pro- 
fessional engineers. Public officials 
seeking consulting engineers to design 
and supervise the construction of large 
public projects should regard it as a 
public trust reposed in them to select 
the most competent engineers on the 
basis of qualifications and experience, 
and not on a basis of fee competition. 
To the physician you entrust human 
life. To the lawyer you entrust prop- 
erty interests. To the engineer you 
entrust both: Upon his conscientious 
expertness and skill, the safety of both 
life and property are dependent. 


Each profession has its standards of 
fees, based on the investment of train- 
ing and experience and the cost of pro- 
viding proper and adequate services. 
The engineering specialist has the same 
high investment of training and experi- 
ence as the highest ranking physicians 
and lawyers. If engineers are induced 
to cut their standard fees by the per- 
nicious custom of subjecting them to 
fee-competition, they cannot give the 
full measure of generous service and 
performance upon which the standard 
fees are based. The difference in fee 
is a mere trifle in comparison with the 
much larger savings which may be 
effected through the skill, knowledge, 
and efficiency of the expert professional 
engineer. 

The custom of asking engineers to 
submit competitive bids for professional 
services probably arises from a con- 
fusion in the minds of public officials 
who do not distinguish between engi- 
neering and construction. The one is 
professional, the other is commercial. 
To the extent that construction work 
may be minutely and definitely speci- 
fied, it is appropriate to select contrac- 
tors by competitive bidding. But the 
planning, designing and specifying of 
the construction work represent pro- 
fessional services, involving the human 
equation, and themselves incapable of 
definite specifications. Two different 
engineers on like engagements will not 
give the same services, in kind or quan- 
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tity. Professional work, whether law, 
medicine, or engineering, cannot prop- 
erly be reduced to a basis of competi- 
tive fees. 


The correct procedure for public 
officials, who wish to conserve the best 
interests of the communities they rep- 
resent, is to ascertain through informed 
and impartial sources who are the best 
qualified engineers to handle the con- 
templated project. For this purpose, 
the National engineering organizations 
may be consulted. After the engineer 
or engineering firm is selected on the 
basis of such investigation or recom- 
mendations, then the amount of the 
fee can be arranged by mutual agree- 
ment or on the basis of published pro- 
fessional standards. Only by such 
procedure will the best interests of the 
public be served. 

Free Engineering Service.—Another 
problem faced by professional engineers 
is the expectation or demand for free 
engineering services before a project 
is authorized or before an engineer is 
selected. This practice may take the 
form of asking engineers to make pre-. 
liminary studies, surveys, estimates, and 
reports on a proposed undertaking, 
without compensation, but with the pos- 
sibility of a professional engagement 
as a bait. Another form of this prac- 
tice is the invitation addressed by pub-' 
lic officials to engineers to submit free 
designs and estimates for a given proj- 
ect as a basis for awarding the profes- 
sional engagement. Such practices are 
unfair, unsound, and contrary to public 
policy. It is an economic waste to 
multiply services on a given project. 
To base the selection of an engineer 
upon the comparison of uncompensated 
preliminary estimates places a premium 
upon the skimpiest design or the most 
elastic conscience. Such practice is 
conducive to subsequent disappointment 
or failure. Free.service can hardly be 
expected to offer the requisite degree 
of thoroughness and reliability. Some 
one has to pay the freight. Professional 
men may be expected to give free serv- 
ices in charitable cases. But public 
communities and corporations can hard- 
ly be classed as charity cases. The 
laborer is worthy of his hire. If the 
services are worth anything, the engi- 
neer should not be asked to furnish 
them without compensation. 

Instead of asking different engineers 
to gamble their time and money on 
making competitive designs and esti- 


‘mates, the public body should select an 


eminently qualified engineer in whom 
it has confidence, and pay him to make 
the alternative designs and studies of 
cost as a basis for any decisions and 
selections. 

Public Fails to Give Engineer Credit. 
—A third problem confronting the en- 
gineering profession is a failure of the 
public to recognize the full scope of 
the qualifications and training of the 
engineer. On public boards, municipal 
councils, and planning commissions, the 
engineer is still generally conspicuous 
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by his absence. The public fails to 
realize that the modern engineer does 
not limit his work to surveying and 
drafting, or the computation of stresses 
and strains. By training and experi- 
ence, and by force of the diversity and 
complexity of the problems he has to 
handle, the modern professional engi- 
neer is an expert on ecoonmics, financ- 
ing, promotion, organization, and man- 
agement, The modern engineer has to 
conceive large projects in their broad- 
est aspects and in their most far-reach- 
ing ramifications. He has to investi- 
gate and demonstrate their economic 
soundness and financial feasibility. He 
has to organize, direct, and supervise 
the work of armies of men. He has to 
conceive, plan, and execute projects of 
largest magnitude. He has to exercise 
vision, resourcefulness, judgment and 
versatility beyond the requirements of 
any other profession. 

With these qualifications, in addition 
to his knowledge and understanding of 
public improvements from the profes- 
sional viewpoint, the engineer should 
be found in all important executive and 
administrative positions. The public 
cannot afford to have the engineer miss- 
ing from public boards, councils and 
commissions. 


Our profession. has always pointed 
with pride to the early engineering 
career of Washington, and to the record 
of Lincoln as a land-surveyor. For the 
failure to elect more engineers to dis- 
tinguished public office, we found grati- 
fying consolation in the fact that two 
representatives of our profession had 
been Presidents of the United States, 
and that these two had been the great- 
est Presidents in the Nation’s history. 
Now we can add a third name to the 
list, for in Hoover we have an exempli- 
fication of all that we mean today by 
the name engineer—a planner, an exe- 
cutive, an administrator. With the 
names of Washington, Lincoln and 
Hoover to inspire us, we may look for- 
ward to the day when engineers will 
be recognized and sought for all of the 
highest positions of leadership and trust 
throughout the land. 

Acknowledgment.—The foregoing is 
an address delivered March 30 in the 


A.A.E. radio program from Station 
WNYC, New York City. 
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Latest Methods of Road Fi- 
nance, Construction, and 
Administration Treated 

in New Booklet 


A timely publication involving an ex- 
tensive study on the subject, “Highway 
Construction, Administration, and Fi- 
nance,” is announced by the Highway 
Education Board, Architects Bldg., 
Washington, D. C. 

It deals with the planning of a na- 
tional highway system, with the various 
types of road suitable for differing traf- 
fic conditions, and with methods of 
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financing such highway building. The 
studies are by E. W. James, Chief of 
the Division of Design, United States 


Bureau of Public Roads, and now on’ 


leave in Colombia assisting that South 
American government in organizing a 
road-building program. The booklet is 
printed in Spanish, Portuguese, and 
English. 

“Poor roads,” says Thomas H. Mac- 
Donald, chief of the United States Bu- 
reau of Public Roads, in an introduc- 
tion, “cost more than do adequately 
serviceable roads. Roads built with 
honest administration and skilled tech- 
nique have an earning capacity far be- 
yond their cost. So the serviceable 
public highway has every right to be 
listed as an asset and not as an ex- 
pense. It has already been well demon- 
strated that the highway can earn its 
upkeep, plus a very high profit on the 
investment. 

“Road tolls collected in the form of 
motor vehicle license fees and gas taxes 
in the United States amount to a very 
large percentage of the annual highway 
bill, without excessive cost to the in- 
dividual user. The very fact of rela- 
tively low taxes has encouraged the 
enormous use of the roads by so large 
a number of the public. This accounts 
for the high income from the roads in 
actual financial returns. It proves the 
value of good highways.” 

Recognizing that the financial prob- 
lem involved in the highway program is 
in all countries “the fundamental and 
difficult one to solve,” Mr. James points 
out that, in order to keep expenditures 
to a minimum, three things must be at- 


tempted: 
1. To select the right roads to be 
improved; 


2. To determine the correct types to 

build at any time; and 

3. To build progressively, but so that 

all work done may be salvaged 
in future work. 

The best method, he asserts, is “de- 
liberately to plan a national highway 
system.” It matters not, he adds, that 
pioneer roads and trails have developed, 
that some roads already have been im- 
proved, that cities have grown and the 
rural districts have been put under cul- 
tivation. Such study, he says, may dis- 
close errors of the past and may lead 
to a change in location and priority of 
construction for many miles of high- 
ways, but if it does it saves money. 

“Studies of highway systems made in 
the United States during the past three 
years,” says Mr. James, “clearly demon- 
strate the value of such work even at 
a late date. But obviously the earlier 
in the highway history of a country 
such studies are made the greater good 
will flow from them.” 

The general character and condition 
of economic development, as revealed 
in data based on population, agricul- 
tural production in tonnage for general 
crops and in cost for special crops, such 
as dairy products delivered directly for 
consumption, and manufactured prod- 
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ucts by cost, must be surveyed, it is 
stated, in approaching a national or 
state highway plan. Other factors 
which must be considered include to- 
pography; existing traffic on the roads 
and the classification of this traffic; 
and the probable adequate mileage of 
roads in the system as a whole and in 
the several political or economic sub- 
divisions thereof. 


Emphasis is laid in the Highway 
Education Board’s report on the impor- 
tance of the progressive method of 
road building which, it is asserted, is 
“the only way possible to give service 
within any reasonable period to a state 
or nation which yet has most of its 
pioneer roads to improve.” 


As to financing it is declared that 
“roads should be built only to the ex- 
tent and of such types as will pay for 
themselves.” Every piece of construc- 
tion, it is asserted, should be planned 
with an eye to the future and to the 
possibility, indeed to the probability, 
that a betterment of type will be re- 
quired. Any highway expenditure to be 
justified must be earned by the road in 
the form of cheaper transportation, 
says the report, which argues that high- 
ways are fundamental requirements in 
a healthy, progressive, prosperous, and 
ambitious nation. 





Fast Roads Proposed for 
Netherlands 


The Nederlandsche Vereeniging voor 
Auto-Snelwegen (Netherland Associa- 
tion for Fast Motor Roads) is conduct- 
ing an active campaign in the country 
for the building of through reads to 
be devoted exclusively to motor traffic, 
according to a report from Assistant 
Commercial Attache Paul S. Quinn, The 
Hague, released by the Bureau of 
Foreign and Domestic Commerce. Their 
plan is to build one road from Am- 
sterdam, the capital and country’s larg- 
est city, to Rotterdam and on the 
southern border leading into Belgium, 
another from The Hague through 
Utrecht to the eastern border leading 
into Germany, and to connect Amster- 
dam to the east-bound highway by a 
special connecting roadway between 
that city and Utrecht. According to 
present estimates the cost of this entire 
road plan would be around f. 200,000,- 
000 ($80,400,000) and it is indicated 
that there is sufficient banking support 
to execute the scheme providing the 
Government will undertake to guaran- 
tee interest return on the investment. 


The organization devoting itself to 
promotion of the proposed motor road 
plan is made up of a number of people 
interested in road problems including a 
representative from each Algemeene 
Nederlandsche Vielrijdersbend and Ko- 
ninklijke Nederlandsche Automobiel- 
club, two important associations devoted 
to automobile, traffic and roadway 
developments. 
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Resurfacing Old Concrete Road With Rock 
Asphalt Top 


Widening Methods Used on 
a West Virginia Highway 


By ELLIS P. LUPTON 


Project Engineer 


ESURFACING a section of the The old road of 6 in. concrete was approximately several thousand vehicles 
R Midland Trail in West Virginia, 16 ft. wide, which I am informed was per day, it became necessary for the 
U. S. Route No. 60, State Project 2013, originally constructed on a waterbound state highway commission to plan 
between St. Albans and South Charles- macadam base. The concrete had dis- widening the road and elevating the 
ton, presented a number of problems integrated and broken very badly. As curves. This was done in a very 
of unusual interest. the traffic over this road is very heavy, unique way. 




















Upper Left—Penetration Course Ready to Receive Rock Asphalt Wearing Surfaces. Upper Right—State Highway Crew Spreading and Raking Rock 
Asphalt on One-Half the Road While Traffic Proceeds Without Interruption on the Other Half. The Marking Board Spiked Down the Center of 
Roadway Serves the Double Purpose of a Form to Insure a Clean Edge for the Joint and Also Serves as a Grade Guide for the Rakers When Raking 
the Loose Kyrock. Middle Left—Roller at Work on One-Half the Road While the Crew Brooms Off the Other Half Preparatory to Spreading Rock 
Asphalt. Traffic Is Routed Over the Surface Immediately After Rolling. Middle Right—Methods Used in Making the Center Joint. When Finishing 
the First Half of the Road a Strip of Loose Kyrock About 10 In. Wide Next to the Center Marking Board Was Left Unrolled. When Raking the 
Opposite Half of the Roadway the Marking Board Was Lifted Over Onto the Rolled Surface at the Edge of the Loose Material (as Shown in the 
Foreground). The Loose Material in the Unfinished Half Is Then Raked Up to Grade with the Loose Material in the 10-In. Strip and the Whole 
Rolled at the Same Time. This Joins Up the Two Halves of the Surface Without Showing a Mark at the Joint. This View Also Illustrates the 
Heavy Traffic Over the Road, Which Had to Be Kept Moving During the Period of Construction. Lower Left—Immediately After the First Rolling, 
a Thin Seal Coat of Rock Asphalt Was Spread Over the Surface with the Back of the Rake to Correct Any Honcycombed Spots or Irregularities in 
the Surface Caused by Small Lumps, After Which It Is Given a Second Rolling and Immediately opened to Traffic. Lower Right—Finished Rock 
Asphalt Surface. U. S. Highway No. 60, Between St. Albans and Charleston, W. Va. 
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This particular section of reconstruc- 
tion was 1.2 miles in length, and the 
work was done exclusively with state 
highway forces. 

Specifications called for widening the 
road to 20-ft., superelevating all curves, 
reinforcing the old concrete with a 3-in. 
penetration course and laying a wear- 
ing surface of Kyrock. 

As there was no way by which traffic 
could be detoured at this point it was 
necessary to accommodate the heavy 
traffic during the period of construction. 
This necessitated confining the con- 
struction work on both the penetration 
course and Kyrock top to one-half the 
road at a time, allowing traffic to use 
one-half the road at all times. 

Widening the Road.—It was decided 
to utilize the native sandstone wher- 
ever practical. 

First, a 2-ft. width was added to each 
side of the old concrete road by ex- 
cavating and using native sandstone, 
napped and rolled into place, bringing 
each side up to grade with the old con- 
crete. 

Next all curves that were to be super- 
elevated and all places where the road- 
way had sunk were brought up to with- 
in 3 in. of grade by using native sand- 
stone napped and rolled in place right 
over the old disintegrated concrete. 

On top of the riew 20-ft. base was 
laid the 3-in. penetration course. One- 
half of the road was laid, after which 
traffic was routed over the new pene- 
tration course while the crew moved 
over and laid the other half, bonding 
with the previous work along the center 
line. 

Having to permit the constant flow 
of traffic in both directions, it was 
easier to complete the entire width of 
penetration course before laying the 
Kyrock top, for it enabled us to re- 
move all equipment incident to the rock 
course before bringing up the equip- 
ment necessary to lay the asphalt. The 
extra work-of brooming the used half 
of the penetration course was more 
than offset by the greater speed accom- 
plished through the uninterrupted prog- 
ress of each course. 

Laying the Surface.—In spite of the 
fact that none of our crew were familiar 
with Kyrock, laying this surfacing ma- 
terial presented fewer difficulties than 
did the work of the penetration base. 

As this material is laid cold and re- 
quires no curing before being opened 
to traffic we were able to handle the 
surfacing work rather speedily, averag- 
ing 500 to 1,000 ft. of finished surface 
over the full width of the road, per 
day. 

The method employed was very sim- 
ple. Dividing boards were laid down 
the center of the roadway, and one-half 
the road closed to traffic. The pene- 
tration course was then broomed free 
of dirt. Trucks then dumped the rock 
asphalt directly onto the black base, at 
points convenient to the _ shovelers. 
From these piles, the material was 
shoveled into place and raked to grade, 
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after which it was rolled once. After 
the first rolling a skim coat of rock 
asphalt was broadcast over the sur- 
face and raked with the back of the 
rake to seal honeycombed spots caused 
by small lumps and to correct any ir- 
regularities occasioned by imperfect 
raking. The surface was then rolled 
again. It was then ready for traffic. 
After we had surfaced one-half the 
road through the stretch allotted for 
the day, we alternated the crew and 
traffic and surfaced the adjoining half, 
thus allowing traffic to use the entire 
width of the roadway at night. 

Method of Making Center Joint.—On 
such jobs where, for any reason, it is 
necessary to surface one-half of the 
road at a time, the method of making 
the center joint with this material is 
very simple. When finishing the first 
half of the road, a strip of loose ma- 
terial about 10 in. wide next to the 
center guide board was left unrolled. 
When raking the adjoining half of the 
roadway, the center guide board was 
lifted over onto the rolled surface at 
the edge of the loose material, as shown 
in the accompanying photograph. The 
loose material in the unfinished half 
is then raked to grade with the loose 
material in the 10 in. strip and the 
whole rolled at the same time. 


We were very particular on checking 
of the grade, using a straight edge and 
correcting all irregularities of % in. or 
ovér in the surface. This resulted in 
obtaining an exceptionally smooth rid- 
ing surface. 


In doing this stretch of road we used 
state forces throughout, and the entire 
crew being natives of the immediate 
vicinity, were not familiar with laying 
Kyrock. We unloaded the material by 
hand and had an average haul of 3% 
miles. On the basis of $12.50 per day 
for a 1-ton truck and $15.00 per day 
for the roller the entire surfacing job 
including everything incidental to the 
work and overhead was about $1.14 per 
square yard. 


<p, 
—— 





Group Meetings of American 


Road Builders’ Association 


On June 4, 6 and 7 the American 
Road Builders’ Association held meet- 
ings in Cleveland, Chicago and Mil- 
waukee respectively, for groups of the 
Highway Industries Association (Man- 
ufacturers’ Division of the American 
Road Builders’ Association). The meet- 
ings were in the form of luncheons in 
Chicago and Milwaukee and a dinner 
in Cleveland. 


At each meeting a complete and com- 
prehensive outline of the past and pres- 
ent activities of the association was 
presented by Charles M. Upham, sec- 
retary-director of the association. This 
outline included a description of the 
present organization, the seven divi- 
sions by which it functions and the 
method of obtaining educational infor- 
mation through committees made up of 
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nationally known engineers and high- 
way officials. 

Much stress was placed on the neces- 
sity of continued and increasing activ- 
ity along the lines of good roads pub- 
licity and information in order that the 
public may be rightly informed as to 
the real value of highways and to com- 
bat evils and violations of correct prac 
tice which might cause a diminution 
of highway activity. 

A few of the evils were cited, such 
as misuse of the gas tax and the or- 
ganized effort by certain forces for re- 
duction of this highway toll. It was 
pointed out that these adverse factors 
should be combated and that this can 
best be accomplished through the efforts 
of a nationally known association such 
as this. 

Other factors were mentioned con- 
structively, such as necessity for widen- 
ing programs, the possibilities of high- 
way bonding and the improvement of 
highway management in counties and 
cities. The statement was made that 
the association was giving close and 
scientific study to all these subjects 
through its engineering force and com- 
mittees and is well equipped to mate- 
rially benefit the entire highway indus- 
try. 

“The functioning of the Pan-American 
Division was explained and the descrip- 
tion and purpose of the International 
Group were presented in detail. 

The question of regional road shows, 
of annual shows, location, and the ap- 
proaching convention and exposition at 
Atlantic City was discussed. a 

The presentation of activities was 
brought to a close by an account of 
budget expenditures for the current 
year, including the division of funds for 
the various association activities. 

Following Mr. Upham’s presentation 
of information, a general discussion of 
all subjects and policies was invited. 

The conclusions secured through these 
discussions and which represent in some 
instances the opinions of individual 
manufacturers and in others the result 
of a vote are as follows: 

A unanimous opinion that the educa- 
tional and scientific work of the asso- 
ciation shall continue. 

A unanimous opinion that the funds 
expended by the association along edu- 
cational and scientific lines are not ex- 
cessive. 

The greater percentage of manufac- 
turers are in favor of an annual ex- 
position held in different parts of the 
country. 

The greater percentage of manufac- 
turers are not in favor of regional 
shows. 


atin, 
eee 


Habana-Matanzas Section of Central 
Highway, Cuba, Opened.—The Habana- 
Matanzas section of the Central High- 
way has been officially inaugurated by 
the president of the republic who in 
company with other government of- 
ficials made a trip by automobile from 
Habana to Matanzas. 














Use of Aerial Photographs 


HE purpose of this paper is to 

direct your attention to a very im- 
portant use of the airplane in making 
photographs. These photographs are 
used in the preparation of base maps. 
The base maps together with the photo- 
graphs are useful in many ways. I have 
had no practical experience in this 
work. All my information is obtained 
from engineers of the United States 
Geological Survey and from published 
reports of various sorts. 

Methods of Photography.—The cus- 
tomary method of making exposures 
is to fly the airplane methodically back 
and forth in straight parallel lines 
forming strips. Consecutive pictures 
within the strip lap over each other by 
about 60 per cent. Successive strips 
should overlap about 30 per cent. 
Skilled pilots must be employed in 
order that the airplane may be flown 
as nearly as possible at a constant 
elevation, in a straight line, and without 
tilt. 


The height of flight is determined by 
the scale of picture required. In the 
Wisconsin work the plane flew at an 
elevation of about 10,000 ft. Photog- 
raphy from high altitudes requires the 
use of color screens or ray filters, to 
eliminate the effects of atmospheric 
haze. This results in modified color 
values, so that greens appear dark, and 
bare soil, whether in a trail or plowed 
field, assumes very light shades border- 
ing on white. Bodies of deep clear 
water show up black or very dark ex- 
cept where they reflect the sun. Muddy 
waters reflect diffused light and appear 
in various shades of gray. Vegetation 
assumes widely differing aspects, de- 
pending upon season of the year as well 
as type and density of growth. 


Two types of instruments are em- 
ployed, the single lens and the multiple 
lens camera. The single lens camera 
is entirely automatic and is so designed 
that the interval between exposures 
may be varied from 4 seconds to over 
1 minute. Photographs approximately 
7x9 in. are made on a roll about 75 ft. 
in length, sufficient for about 120 ex- 
posures. The camera is motor driven, 
power being provided by a storage bat- 
tery, and may be loaded in flight. 


The tri-lens camera consists of a 


central lens with its axis in the vertical’ 


position while the axes of the other two 
lenses are at an angle of 35 deg. to 
the left and right. The four lens cam- 
era has a fourth lens which furnishes 
a photograph of the region back of the 
airplane. The oblique photographs are 
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reprojected into the plane of the ver- 
tical photograph by a special apparatus 
called a transformer. There is then a 
central vertical photograph and two or 
more wing photographs. At a height 
of 10,000 ft. the single lens camera with 
a 12-in. lens covers an area of 1.56 
square miles with one photograph. At 
the same height the tri-lens camera 
with a 6.4 in. focus covers an area of 
11 square miles with one exposure. The 
multiple lens camera has the advantage 
of a large area photographed at one 
exposure. The wing or oblique pictures 
are not so useful for other purposes as 
are verticals. 


The study of aerial photographs is 
much easier when overlapping prints 
are examined through a _ stereoscope, 
for this instrument has the property of 
causing the photographic image to be 
seen in three dimensions. Two over- 
lapping photographs are placed under 
its reflecting mirrors. By the use of 
the stereoscope the distance between 
the eyes is increased in effect from a 
few inches to several thousand feet to 
bring the images of the two photo- 
graphs in juxtaposition. It is similar 
in principle to the old time parlor 
stereoscope. The stereoscope brings 
out a great amount of detail such as 
trees, fences, trails, cliffs, quarries, 
railroad and highway cuts, ravines, 
hills and valleys. The image has the 
appearance of a relief model. 


Map Making.—Aerial photography 
was employed along the Mississippi 
above La Crosse and along the Black 
and Chippewa Rivers because it was 
believed that a more accurate map could 
be produced at no increased cost. 
Ground work along these rivers is ex- 
ceedingly slow because of swamps, 
streams, trees, and brush. In the 
Three Lakes area in northeastern Wis- 
consin, the airplane method was em- 
ployed because lakes are so numerous 
that to accurately map their shore- 
lines by ground methods is a very ex- 
pensive operation. We found that from 
the aerial photographs an accurate base 
map showing lakes, streams, swamps, 
roads, trails, railroads, and villages 
could be made. From the photograph 
maps of the forest cover, and areas 
under cultivation can be accurately 
shown. In this work use was made of 
Army planes and engineers from the 
U. S. Geological Survey. 


The map of the Three Lakes quad- 
rangle covering an area of about 200 
square miles in Vilas, Oneida and 
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Forest counties is now completed. The 
advantages of this map are: 

(1) All the lakes are shown. To il- 
lustrate, Whitefish Lake, nearly a mile 
long and one-third of a mile wide is 
not shown at all on the earlier maps. 
In 24 square miles of T.38-R.11E., there 
are 6 small lakes in addition to White- 
fish Lake that do not appear on the 
earlier maps. 

(2) The lake outlines are correctly 
shown. 

(3) Islands in lakes are mapped. 

(4) Roads and railroads are cor- 
rectly mapped. 

(5) Swamp boundaries are shown 
correctly. 

(6) Streams courses are accurately 
mapped. 

The method of compiling aerial pho- 
tographic data is as follows: “Control ~ 
points from previous ground work are 
plotted on a carefully constructed pro- 
jection and the utmost care is taken in 
the compilation and adjustment of the 
photographic data, which is done by the 
radial-line or intersection method, using 
the principal point—or optical center 
if it can be recovered—of each photo- 
graph and drawing straight lines from 
it through points in common on at 
least three overlapping photographs, 
the drafting being done on a tracing 
of the projection and control points 
superimposed on the photographs. 
Overlapping tri-lens photographs, each 
photograph overlapping the next one 
by at least 60 per cent, with an overlap 
of adjoining flights of 30 per cent, are 
used to secure intersections. Each set 
of prints of a flight is started from 
control points independently of its 
neighbor. The accuracy of intersec- 
tions in common between adjoining 
flights is revealed immediately as the 
graphic adjustment progresses, just as 
intersections are checked in plane table 
triangulation. The orientation of each 
tri-lens photograph and location of its 
center on the tracing is accomplished 
in the same manner as the instrument 
position is obtained in the field by a 
three-point location on the plane table, 
when using the tracing paper method. 


After securing a sufficient number of 
intersections to insure the correct posi- 
tion of details interpreted on the 
photographs, each photograph is placed 
in position under the tracing cloth and 
the features desired are traced and 
inked, resulting in a base map carry- 
ing roads, houses, railroads, drainage, 
wooded and swamp areas—in fact, all 
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except relief features—accurately lo- 
cated.” 


This method of mapping has been 
extremely employed in Canada. Prior 
to 1928 some 200,000 square miles had 
been mapped by the government. Much 
of this mapping has been done in the 
United States. Over 10,000 square 
miles in Haitian territory have been 
photographed. The Rhodesian Congu 
Border concession has recently com- 
pleted aerial photographs of an area 
of 52,000 square miles in Central 
Africa. 


Timber Cruising or Forest Cover 
Studies.—In Canada extensive aerial 
surveys have been in progress cover- 
ing large timber holdings controlled by 
pulp wood interests. The methods em- 
ployed have superseded the timber 
cruising system for estimating the 
stumpage value of standing timber. 
The timber experts are able to identify 
species, and with the aid of the photo- 
graphs and by measuring trees on 
representative sample plots, determine 
the cordage or number of board feet. 
This method has been found to be very 
accurate and to require much less time 
than the old method. Such photo- 
graphs would be of great value to the 
Conservation Commission in its forest 
studies. 


Tax Appraisals.—Middletown, Conn., 
and eleven other towns in that state 
have used the aerial survey method in 
tax equalization. The survey provides 
a detailed map showing every building, 
located to scale on its lot, as well as the 
area and land utilization of every farm. 


Highway Traffic Survey. — Aerial 
maps and photographs have proved 
valuable in the study of automobile 
traffic in congested areas. The Auto- 
mobile Club of Southern California 
made such a study of the heart of Los 
Angeles. This map was employed in 
planning street widening and other 
forms of traffic relief. Dean Johnson 
of the University of Maryland had 
such a photographic study made of the 
Washington-Baltimore road on July 12, 
1927. He used cars with sheets on their 
tops as markers. These were spaced 
about 1,000 ft. apart. From a study 
of the photographs they were enabled 
to determine the volume of traffic and 
its behavior. It showed clearly the 
effect of a slow moving vehicle, in that 
the traffic consisted of a series of 
queues of closely spaced cars, the 
queues separated by spaces in which 
there were few or no cars. It showed 
how the stream of traffic was slowed 
down and congested in passing through 
villages. An interesting fact is that it 
is practically impossible to find a car 
on the side roads. The plane flew at 
an elevation of 3,600 ft., the time be- 
tween pictures was 13 seconds and the 
overlap was 50 per cent. The cost of 
this 30 mile survey with 3 sets of en- 
larged photographs was $1,300. 


Transmission Line Surveys.—Some 


ROADS AND STREETS 


30 companies in the United States and 
Canada have mad» use of the aerial 
map. Its advantages over a ground 
survey map are: 


1. Relative secrecy. Extensive areas 
may be mapped without arousing the 
suspicion of land owners. 


2. More information is available for 
the same investment than is procur- 
able by ground survey methods. 


3. Better alignment of the power line 
is made possible. 


4. Much time is saved in locating the 
line as well as in its construction. 
Aerial mapping has also been employed 
in the planning of pipe lines. 


Reservoir Surveys. — The Alabama 
Power Co. mapped 500 square miles of 
the Tallapoosa River Valley. The War 
Department mapped 2,000 square miles 
on the Tennessee River and its tribu- 
taries. If aerial photographic maps of 
northern Wisconsin are made, these 
maps will be of great value to the rail- 
road commission in their study of reser- 
voirs and water power sites. 


City Maps.—A number of the larger 
cities have been mapped from the air. 
Such maps are very valuable for all 
city administrative problems. Some 
of our larger cities could well afford to 
give this idea consideration, as the 
photographs plus the map would fur- 
nish excellent basic data not only for 
traffic studies but for city planning and 
zoning, tax appraisals, park planning 
and other important uses. 


Government Map Making.—Mention 
has been made of the use of aerial 
photographs in map making in western 
Wisconsin. This method is now ex- 
tensively used throughout the country 
by the U. S. Geological Survey. A base 
map is prepared showing roads, rail- 
roads, streams, lakes, buildings, etc. 
Upon this base map used as a plane 
table sheet the topographer sketches 
the contours in the field. This method 
results in a proportionate reduction in 
the cost of the topographic map. 


An Aid to Geological Studies.—In 
Rhodesia any considerable natural 
opening in the bush covering the re- 
gion is called a “dambo.” The first 
dambos called to the attention of the 
technical men were those which re- 
sulted from copper salts in the soil that 
made it impossible for trees to grow 
on the ore outcrops. Though no out- 
standing copper dambos were discov- 
ered, by the aerial survey, many open 
spaces in the forest were disclosed, 
which invited investigation. A far 
greater number of rock outcrops was 
shown than had been expected. Such 
information is of great value to the 
geologists. Even relatively near places 
where prospecting had been done, ex- 
tensive rock outcrops, previously un- 
known, were shown. This survey will 
keep the prospectors from being de- 
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layed by swamps, will acquaint them 
with river crossings and direct them to 
dambos and outcrops. In addition it 
will have great value in planning road 
and railroad building. 


Highway Planning.—Naturally aerial 
photography furnishes valuable data 
for the highway engineer, both in un- 
developed and well settled areas. Erie 
County, New York, has recently map- 
ped 1,000 square miles for the purpose 
of the Motor Parkways System. 


Time Required.—Aerial photographic 
work can be undertaken only on per- 
fectly clear days. The speed at which 
the plane is flown ranges from 80 to 
120 miles per hour. Most photographs 
are taken where a speed of 100 miles 
per hour is maintained. Under favor- 
able conditions 60 to 80 square miles 
can be photographed on a scale of 1,000 
ft. to the inch in one day. Aerial 
surveying has the advantage of saving 
much time as compared to ground 
methods. In some cases this saving is 
as great as 90 per cent. 


A good illustration is furnished by 
the work carried out at Island Lake, 
on the Manitoba-Ontario boundary, 
northeast of Lake Winnipeg. This lake 
is 65 miles long and is dotted with 
thousands of small islands. It was 
estimated that it would take a survey 
party more than five years to complete 
the work. The lake was photographed 
last summer in complete detail in two 
and one-half hours, and was plotted in 
less than one week. The total cost was 
approximately $500. 


Cost of Work.—There is nothing 
cheap about aerial photographic survey- 
ing. Just as in ground survey work 
the scale of the map and the detail 
supplied determine the cost. A recent 
estimate by the U. S. Geological Survey 
indicates that the cost of preparing a 
two-color lithographic edition of base 
maps in Wisconsin on the scale of 
4,000 feet to the inch is $21.40 per 
square mile. Tie cost to the state 
would be one-half of this or $10.70 per 
square mile. The aerial photography 
would be done either by responsible 
aerial mapping concerns or by the Air 
Corps, U. S. Army. 


An area of 43 square miles in Con- 
necticut was mapped for taxation pur- 
poses at a cost of $162 per square mile. 
The maps were delivered within 10 
days after flying. A transmission line 
survey in Pennsylvania cost less than 
$60 per mile. In a recent letting in 
Texas, bids on single lens aerial photo- 
graphs of 1,000 square miles on the 
scale of 1,000 ft. to the inch ranged 
from $6.35 to $18.25 per square mile. 
The map of Erie County, New York, 
cost $85 per square mile. 


Acknowledgment.—The above paper 
was presented at the 18th Annual Road 
School of the Wisconsin Highway Com- 
mission. 
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N my judgment, when the highway 

location problem is solved, the high- 
way problem itself is well on its way 
to solution. Very recently one of the 
influential and best informed members 
of the Texas Legislature sent a ques- 
tionnaire to the State Highway Depart- 
ment, requesting information on various 
phases of the state’s highway program. 
One of the questions was as follows: 

“Give the average life of roads built 
of the various approved types of con- 
struction, such as reinforced concrete, 
concrete with an asphalt surface, maca- 
dam, gravel, etc.” Our answer to this 
question was to state that the life of 
any particular type of road depended, 
first, on its location, and second, on the 
width of its right-of-way, and that the 
type of surface was of secondary con- 
sideration. Of course, in this reply we 
had in mind the utility of a highway as 
would regard its use as an important 
traffic-way and we had no reference to 
the stability of any particular type of 
surfacing but wished to bring forcibly 
to the attention of those engaged in 
enacting highway legislation that the 
life of a highway should be considered as 
that period of time it would or could be 
used as an artery of traffic and that 
necessity and public opinion would de- 
mand such a highway, either now or in 
the future, to be located with a fair 
degree of economy. 

In the brief time, therefore, that I 
have to discuss the subject of highway 
location, I will deal first, with such a 
problem in, what I consider its minor or 
rather its physical aspects and, second, 
with location as it affects the safety, 
economy and utility of operation of a 
state’s road system. 

Following the Line of Least Resist- 
ance.—In laying out a state highway 
the engineer has been too prone to fol- 
low what has been generally and pop- 
ularly termed the line of least resist- 
ance; for example, the right of way of 
a railroad or interurban, or in case 
there has been no such easy route, he 
has chosen to locate his route along 
section lines or property lines without 
any particular regard for the terrain 
which he traverses or for the suitability 
of such location for possible future 
heavy traffic. I plead guilty along with 
others to such a charge. In making 
reference to the engineer and his action 
in following the easiest route, I wish 
to at least partially justify him by say- 
ing that beginning with the inaugura- 
tion in the various states of considerable 
road programs a great majority of the 
locations for highways have not been 
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made by engineers, but too often they 
have been determined at mass meetings 
or conferences of citizens thoroughly 
eager and sincere in their determination 
of road routings but without stopping 
to calculate, or to have determined by 
experts, the economy of either road 
location or construction. I do not say 
this in way of criticism because with- 
out such action by those interested in 
road improvement in the various states 
we would be far behind where we stand 
today, and I will further qualify that 
statement by saying that I know of 
very few cases where the location or 
construction of any type of road or 
highway has not at least paid for its 
investment over the period of years 
which it has been used. How much 
greater return, however, could have 
been obtained from the use of highways 
if we could have saved, as time went 
on, the cost of traveling much extra 
distance and with how much more 
safety the public could have reached its 
goal. 

Paralleling the Railways.—Almost 
every important railroad is rather 
closely paralleled by a state highway. 
This, of course, is largely due to the 
fact that the railroads have developed 
the population centers and the demand 
for highways has been along the same 
general line. However, with the loca- 
tion of state highways parallel to the 
railroads, the engineers have been too 
ready to accept the railroad location as 
being along the best ground. This is 
usually true for a steam road, but 
problems of highway location are con- 
siderably different from those con- 
fronting the railroad locating engineer, 
and much distance can be saved to 
highway travel in country where rail- 
roads have considerable trouble making 
1 per cent and 1.25 per cent grades and 
have to make distance for gradient. I 
recall at this time a railroad location 
of which I was in charge some years 
ago in which I was limited to a 1.25 per 
cent grade and where the final located 
route between two points measured 
14.5 miles, and more than 75 miles of 
preliminary lines were run and much 
adjustment was necessary to obtain 
that. Between these same two points 
we are now planning the location of a 
state highway and with a maximum 3 
per cent or 3.5 per cent grade, and we 
expect to reach these two points with 
a total distance of 11.5 miles. Instances 
of this kind are very common in the 
State of Texas, and I am sure that they 
are in many other states from obser- 
vations I have made. 


Use of Aerial Photography.—Any 
discussion of highway location by one 
familiar with the situation in Texas 
would be incomplete without a reference 
to the use of aerial photography. In 
reconnaissance the Texas Highway De- 
partment is using such service to a 
great extent and has found it very valu- 
able, and as more experience is had in 
its use our engineers are becoming more 
expert, and we believe that no other 
improvement in the field of reconnais- 
sance or location has contributed so 
largely to the efficiency of engineering. 

The usefulness of an aerial survey 
and its consequent map begins at the 
first inception of the work at hand and 
continues until the last shovel full of 
dirt is in its place. It places in the 
hands of the engineer many of the 
details that are to be found on the 
ground and in addition a broad view of 
the field of operation that has never © 
been available in any other way. He 
may make locations directly on aerial 
mosaics; he may study minutely the 
locations of drainage structures and 
other proposed improvements. He may 
calculate stream flow and plat drainage 
areas without the use of field opera- 
tions; and throughout the progress of 
his work the aerial survey stands by as 
a constant check upon the more exact 
field calculations. 

We have secured some very excellent 
results by making a location on the 
ground after laying it out on an aerial 
map. The aerial photographer fur- 
nishes an approximate scale of each 
map, and in most cases we find these 
determinations very accurate. The 
aerial maps are especially useful in 
crossing streams and _ determining 
routes through cities and towns. Where 
little information is available from pre- 
vious surveys or maps it is in every 
case economical to have an aerial map 
made. Such maps on an approximate 
scale of 700 ft. to an inch cover a strip 
of terrain about 6,000 ft. wide for single 
flight or 9,000 to 10,000 ft. wide for 
double flight maps. The cost is from 
$14.00 to $17.50 per lineal mile for 
single flight and approximately twice 
these amounts for double flight maps. 

After the completion of reconnais- 
sance either by aerial photography or 
by preliminary lines, the best plan for 
location is to lay out on the ground 
the final line, making such shifts of 
tangent or curve as may better fit the 
terrain from the actual field measure- 
ments. We have found very little 
difficulty in laying out locations from 
aerial reconnaissance after walking 
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over the proposed line once or twice, 
noting any physical conditions which 
might affect the location and taking 
them into account. 

After the line has been laid out on 
the ground to complete what might 
be termed the locating problem, the 
engineer has only to prepare his align- 
ment and right-of-way map, showing 
thereon such land as may be necessary 
to enable field notes to be prepared and 
giving the name and abstract reference 
to each tract of land. These plats are 
usually made on a 400 ft. scale and this 
has been found to be the most adapt- 
able to the use to which the map will 
be put. 

Selecting Most Direct Line.—In gen- 
eral, with regard to the location of a 
state highway, it is of prime import- 
ance to select the most direct line be- 
tween two objectives. The line should 
be so located as to provide a minimum 
of waterways and the easiest grades 
and curves possible for the terrain. 
An important consideration is to select 
a line that will give not less than a 
500 ft. sight distance between the eye 
of the driver and the top of an ap- 
proaching automobile. Easy curves, in 
my judgment, are not objectionable in 
order to increase sight distance where 
they do not materially lengthen the 
route. Such locations should be made 
and grades prepared with the primary 
object in mind that regardless of the 
development of the country through 
which the highway might pass, any 
surfacing placed on the prepared grade 
would only be a-‘stage of improvement, 
the ultimate life of which would de- 
pend upon traffic requirements of the 
highway. It was this we had in mind 
when we made the reply to the ques- 
tionnaire from a member of the legis- 
lature which we have already referred 
to. 

In other words, a highway properly 
located with a grade line of sufficient 
flatness to meet the exacting demands 
of increased traffic, and with curves in 
easy stages, will have its ultimate life 
more permanently assured as years go 
by and its condition should be better at 
the end of 50 years than at the end of 
five. With these considerations in mind 
the locating engineer, in considering his 
route between objectives, should dis- 
regard the line of least resistance un- 
less he is prepared to see the day come 
within his own lifetime, or better still, 
within a decade, when the route he lays 
out will be relegated to the status of a 
lateral or community road, or be en- 
tirely abandoned. When such time 
comes it very likely will be forgotten 
that the original location was perhaps 
determined by considerations purely 
local, and the necessity for relocation 
or abandonment may, without much 
fear of contradiction, be explained as 
the correction of a mistake in engi- 
neering. 

As has been indicated, in my judg- 
ment, the problem of actual location of 
a highway with respect to topography, 
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drainage, grade line, sight distance and 
all those phases which must be studied 
in their entirety, while it is one that 
must command the expert attention of 
the locating engineer and of the con- 
struction engineer, nevertheless, its dif- 
ficulty of solution is secondary to that 
of the economy of location with regard 
to traffic, the distance it must travel, 
and its safety. 

Coming now to the real problem of 
highway location, I want to preface my 
remarks by saying that I believe in the 
democratic principle that the voice of 
the majority should rule and I have 
never known it to fail, where the people 
of any state or nation were acquainted 
with all the facts with regard to any 
problem, that they did not eventually 
by their majority vote solve such prob- 
lem in a way that the thinking people 
of such community or commonwealth 
might determine that it should be 
solved. If I was convinced that the 
people of my state wanted the high- 
ways located for the interests of the 
few and not the many, I, for one, would 
waste no time in trying to secure eco- 
nomical location as I believe the people 
should have what they want, even if it 
costs more, when they have decided 
with all facts before them. 


The building of state highways is a 
public enterprise and the solution of 
the problems with regard to such a 
public enterprise should be entered into 
with the idea that their solution would 
be inadequate if it did not meet and 
satisfy the demands of the thinking 
public, and in line with sound public 
policies. 

Routes Leading Into Cities.—We very 
often are concerned with the problem 
of routes leading into cities and towns. 
This problem has been uppermost in the 
minds of the people for some time and 
public sentiment is now undergoing a 
rapid transformation in regard to high- 
way location in population centers, 
large and small. In the state of Texas 
much prominence has been given to 
certain isolated cases of location where 
the State Highway Department has for 
safety purposes undertaken to re-route 
certain highways and charges have on 
occasions been made that the officials 
and engineers of the State Department 
have in mind the laying out of a high- 
way system that would isolate the cities 
and towns. In order to combat this 
erroneous impression we have gathered 
some statistics in the State of Texas 
and have made some calculations. We 
now have a highway system of approxi- 
mately 20,000 miles as measured along 
present routes. When this system has 
been economically located or relocated 
the mileage will be about 19,000 miles 
and not only will all the control points 
be reached but this system will in addi- 
tion reach directly without material loss 
of distance 97 per cent of all towns with 
a population exceeding 200. 

Included in the above percentage are 
all towns that have a prospective main 
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line highway passing through their cor- 
porate limits or in case of no corpora- 
tion within four blocks of the main 
business street. 

Routing Through the Business Dis- 
trict—The general complaint or con- 
tention for the route of a state highway 
to pass through the business district of 
a town or along its most important 
street is that business is brought to the 
town by reason of the traffic on the 
highway. There is no doubt that cer- 
tain classes of business establishments 
do profit to a certain degree by tran- 
sient trade, but it would seem that a 
town depending to any degree on such 
trade would lack the foundation neces- 
sary for stable and continuous growth, 
i. e., an established and a certain trade 
territory. It will be appropriate to 
state here that the solution of the high- 
way or road problem for any commun- 
ity will not be solved until every village 
and town is either provided with a 
highway or with a durable connection 
to the highway, in order that the farm- 
er or community trader might have ac- 
cess at all times not only to the state 
highway but to the main business cen- 
ter of his trading point, and also to pro- 
vide a way to come in or go out for the 
residents of such community. It would 
seem to me to be against sound eco- 
nomic judgment or good public policy 
to deflect the location of an important 
state highway, carrying 2,000 or 3,000 
or perhaps 5,000 vehicles per day, two 
or three miles out of the general course 


-in order to pass through the main busi- 


ness district of a community which 
would perhaps not originate more than 
100 to 200 per day. 


It should require and demand the 
careful thought of the people of any 
state, and they should weigh the rela- 
tive advantages and disadvantages in 
districts and cities to the traveling pub- 
lic. As I have shown by figures already 
given, it has been the policy of the 
Texas Highway Department and it is 
still our policy to link together the vari- 
ous towns with state highways and to 
provide for first class construction 
along these link routes and we have 
been able in a great many cases, with- 
out materially lengthening the line, to 
directly serve the vast majority of 
towns over 200 population and a great 
many villages of smaller population. It 
is the purpose, however, in serving 
towns to provide a direct line, without 
right angles if possible, and along a 
street of sufficient width to care for 
traffic. It is, or should be, the purpose 
of the engineer in selecting a route 
through a town to relieve instead of to 
create congestion. A paved highway 
connecting with an unimproved street 
in a city or town or a provision for such 
connection should satisfy all conditions. 


It would be quite a different problem 
if a special frontage tax or assessment 
were paid by business men dealing in 
commodities. for which there is an in- 
cidental demand from the traveling 
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public. Neither the stability nor the 
growth of a community can depend 
upon the trade that will come from 
those who would ordinarily not stop at 
a place of business unless the highway 
happened to lead by the door. It would 
seem that the authorities in charge of 
the streets in a small town would pre- 
fer to reserve such streets for the citi- 
zenship of the community to use for 
parking their trucks or for stopping 
their produce wagons. I know of one 
Texas town, among others, where the 
main street of considerable width had 
been paved and largely paid for by the 
merchants of the street. A complaint 
was registered with the mayor that the 
people who lived in the town found the 
street almost blocked with cotton 
wagons and other traders and the 
mayor’s reply was that the street was 
paved for that purpose and that they 
should adjust their shopping periods to 
the needs of the community at large, 
and not try to use the street at the busy 
period when they could just as well 
select another time. This is somewhat 
of a radical viewpoint, but the thought 
is worthy of consideration. I also re- 
call at this time a remark made by one 
of the Texas Highway Commissioners 
to whom a filling station operator com- 
plained that the highway was being 
moved from in front of his business to 
a street two blocks away. The operator 
exclaimed: “That road has been where 
it is for 50 years, to my own knowl- 
edge,” to which the commissioner re- 
plied: “Do you not think it is about 
time that your neighbor had it for 
awhile?” 


Tourist Trade and Traffic—One of 
the chief arguments in registering com- 
plaints against the change of location, 
for safety or other reasons, within or 
adjacent to the towns is to say that the 
state is not building the road for the 
local people who pay the taxes but for 
the tourist. A great deal of misinfor- 
mation has been spread under the name 
of “tourist trade and traffic.” I recall 
within the past 60 days a certain cen- 
tral Texas newspaper within a period 
of seven days had one editorial stating: 
“Do not build the road for the tourist, 
but let the taxpayer benefit by having 
the road.” The next editorial a few 
days after the first said: “Let the 
traffic pay for the road and relieve 
the property owner.” Within a few 
days a slogan was published in the 
Same paper: “Make ........ (giving name 
of city) ........ the tourist headquarters 
of the south.” With regard to the 
word “tourist,” Webster’s dictionary de- 
fines it as “one who travels from place 
to place for pleasure or culture.” It 
would not be hard to imagine that a 
citizen of Texas, for example, might 
leave his home in the morning of a 
certain day and travel as a tourist along 
a state highway through many of the 
cities and towns and whose status 
might be changed over night and on 
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his return home belong to what other 
classification might be given him as 
would relate to his rights as a traveler 
or to the contributions he might make 
for the construction and maintenance 
of state highways. Such a traveler in 
Texas might, and very likely would, 
pay an ad valorem tax to build state 
highways or lateral roads in his home 
county. He would also, or rather 
should, pay an ad valorem tax on his 
automobile. He will pay a license fee 
distributed between the state and 
county for the maintenance of state 
highways and last a gasoline tax. 
When such a traveler leaves his home 
county for pleasure or culture and 
travels across the state or a citizen in 
similar circumstances travels across his 
own state or any other state, should 
such a traveler have no consideration 
given him in that his journey might 
be made as safe as possible and as 
direct? Take also for example a trav- 
eler from some other state who might 
enter the state of Texas and travel for 
pleasure or culture. In a material way 
this visitor to our state is required to 
pay a gasoline tax and if for no other 
reason he is entitled to consideration. 
State highways should be bought and 
paid for by the traffic using them and 
any local funds used in construction of 
a state highway should be refunded. 
Consequently the maximum considera- 
tion should be given the traveler in 
making locations. He should have the 


‘option of proceding on his journey 


along the most practical route, and if 
he desires to visit the business dis- 
tricts of any of the towns along the 
highway a way should be provided for 
him in case the route does not lead 
directly through. No particular distinc- 
tion except for statistical purposes 
should be made in the classification of 
traffic. The motorist is not a class and 
does not pay taxes with a class for 
the reason that the vast majority of 
the nation’s tax-payers in all lines use 
the nation’s highways. 


The Ad Valorem Tax.—In my judg- 
ment, the day of the ad valorem tax 
for highway construction is passing. 
The Texas Highway Department this 
year recommended to the Texas legis- 
lature that provisions be made for ad- 
justment between the various counties 
and reimbursement of expenditures for 
state highways and this issue failed of 
submission by a very small margin. 
There is no doubt but that the state 
highways should be built from sources 
of revenue other than from the property 
taxes, and this method has already been 
put in effect by a number of progres- 
sive states, and a study of the accom- 
plishments of such states shows that 
they are well in the lead of others in 
the status of their road program. 


The method of finance of state high- 
ways should and does have considerable 
bearings on the location, but even with 
a portion of the construction cost being 
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paid from an ad valorem tax in a road 
district or in a county, no certain prop- 
erty owner should claim any special 
rights to the traffic along a certain 
road since they pay no special privilege 
for such traffic. 


In my judgment, it is only fair that 
when a hard surfaced highway has 
once been constructed along a certain 
street in a town or into a larger town 
as far as the laws will permit, such 
highway or road should be continued 
and maintained by some agency, but the 
owners of business houses along such 
a route have no right to say that the 
general traveling public cannot with 
finances belonging to the general pub- 
lic construct such additional highways or 
by-passes as will enable them to pro- 
ceed with safety along their route. 


Conclusion.—In conclusion I wish to 
say that, in my judgment, state high- 
ways should be so located for present 
and anticipated traffic requirements so 
that the user of the highway, whether 
he be tourist, if there be such a classi- 
fication, business man, or farmer can 
proceed along his route and accomplish 
his purpose or his duty to receive his 
pleasure or culture with ease, direct- 
ness, safety and economy: and that any 
plan or system of location which does 
not take these features into account is 
running contrary to sound public policy, 
and there can be no denying of 
fact that such public policy, in lay- 
ing out a great system of high- 
ways and lateral roads, must necessar- 
ily prescribe a practical directness for 
the mass of traffic and with more local 
convenience for traffic originating lo- 
cally or bound for local destinations. 
With the adoption of a state plan 
whereby the revenue for state highways 
comes from state sources, the solution 
of this problem becomes easier and 
the “dog will begin to wag the tail” 
instead of the contrary, which has been 
the case in many highway locations. 


Highway engineers should take every 
opportunity to acquaint the public with 
facts regarding the economy of high- 
way entries on the debit and credit side 
regarding the operation of a state high- 
way. He should always have an eye 
for the future and if not possible to 
lay out a plan for the economical rout- 
ing when first construction is obtained, 
the plan should be so broad as to antici- 
pate the demands of the people which 
are even now beginning to be felt that 
in the location of state highways to 
serve centers of population an effort 
be made to relieve congestion and 
to promote safety instead of to de- 
liberately create congestion and wink 
an eye at a dangerous condition just 
because by ignoring it some selfish in- 
terests will be served. 


Acknowledgment.—The foregoing is 
an abstract of a paper presented at the 
spring meeting of the American So- 
ciety of Civil Engineers. 
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Tornadoes and Sunspots 


The Pasadena Post recently said: “Never before 
have the papers of this country had to record such a 
series of disasters due to tornadoes as have marked the 
present seasons. Day after day additions have had to 
be made to a somber list already large beyond known 
precedent.” 


The tornado is a belt of air whirling with great 
velocity, and in the northern hemisphere its direction 
of whirl is always anticlockwise, whereas in the south- 
ern hemisphere its whirl is clockwise. As to the direc- 
tion of whirl it resembles the ordinary cyclone storm 
that originates in the Pacific Ocean and sweeps across 
our continent, but the velocity of whirl is much greater 
in the tornado. The tornado is short lived, an hour or 
so, whereas the cyclonic storm often lasts a week or 
more. The centers of both travel eastward. 


Closely allied to the tornado is the tropical hurri- 
cane. The latter is, in fact, a giant tornado whose wind 
velocities are not so great as those of the tornado, but 
whose area is vastly greater. Hurricanes move west- 
ward before they turn eastward, their paths often being 
almost perfect parabolas. 


The following table, compiled by Wolf and quoted by 
Huntington in “Earth and Sun,” shows how hurricanes 
increase in number as sunspots increase. 


Number of Number of 
Sunspots Hurricanes 
88 r 8 
70 5 
62 4 
59 3 
17 1 to 2 


This table gives the number of hurricanes per year, 
with the corresponding monthly average of sunspot 
numbers. 


Huntington also found that during the spring months 
hurricanes were 69 per cent more numerous when the 
average number of sunspots exceeded 80 than when 
they were fewer than 40. 


July 


Cyclonic storms are also most numerous when sun- 
spots are most numerous. 


Since tornadoes are clearly of the same nature as 
cyclonic storms and hurricanes, it follows that they 
should be most numerous at times of sunspot maxima. 
Since a sunspot maximum due to the planet Juipter 
was due about the first of November, 1928, it was to 
be inferred that the spring of 1929 would be marked by 
many tornadoes. This inference has been verified, an 
unusually stormy fall and winter in northern latitudes 
having been followed by an exceptionally large number 
of tornadoes in somewhat lower latitudes. 


The sunspot cycle due to Jupiter reaches a maximum 
every 11.2 years, unless some more electromagnetically 
powerful planet submerges the Jupiter effect. Uranus 
has caused such a submergence at times. The next 
sunspot maximum assignable to Uranus will occur 
in 1951, just six months after a Jupiter sunspot maxi- 
mum; hence it is probable that an exceptionally severe 
period of storms will reach a climax in 1951. 


From now on the Jupiter sunspot period will slowly 
wane. Its next maximum will occur eleven years hence, 
in 1940, 


According to Encyclopedia Britannica, Lloyd’s has 
found that ship casualties are 18 per cent more numer- 
ous during the two years near sunspot maxima than 
during the two years near sunspot minima. Although 
this marine insurer has based rates upon such a 
relationship between sunspots and storminess, still there 
are meteorologists and astronomers who express skep- 
ticim about sunspots as a cause of storms. Perhaps 
there is a difference in carefulness of investigation 
when you back your conclusions with your money. 





Some Delusions About the 
Difficulties of Research 


A philosopher, according to Adam Smith, is a person 
whose trade it is to do nothing and speculate on every- 
thing. If so, it is certainly a most peculiar thing that 
this sort of a doing nothing has been the most profit- 
able thing that men have ever done; for to natural 
philosophers who have speculated on the causes of phe- 
nomena we owe the most important scientific theories 
and laws, and consequently almost all sound engineer- 
ing practice. 


In an admirable book written just a century ago 
(Discourse on the Study of Natural Philosophy) John 
Herschel said: “We must never forget that it is prin- 
ciples, not phenomena,—laws, not insulated independent 
facts,—which are the objects of enquiry to the natural 
philosopher. * * * To him there is no natural object 
unimportant or trifling. From the least of nature’s 
works he may learn the greatest lessons. * * * Accus- 
tomed to trace the operation of general causes, and 
the exemplification of general laws, in circumstances 
where the uninformed and unenquiring eye perceives 
neither novelty nor beauty, he walks in the midst of 
wonders. * * * A thousand questions are continually 
arising in his mind, a thousand subjects of enquiry 
presenting themselves, which keep his faculties in con- 
stant exercise, and his thoughts perpetually on the wing, 
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so that lassitude is excluded from his life, and that 
craving after artificial excitement and dissipation of 
mind, which leads so many into frivolous, unworthy, 
and destructive pursuits, is altogether eradicated from 
his bosom. * * * They (scientific pursuits) may be en- 
joyed, too, in the intervals of the most active business; 
and the calm and dispassionate interest with which 
they fill the mind renders them a most delightful re- 
treat from the agitations and dissentions of the world.” 


Herschel does not make it clear whether he means 
that “scientific pursuits” undertaken as an avocation by 
business men should involve research, but we may be 
sure that he would commend research above all other 
pursuits as a delight to the thinking man. What the 
cross-word puzzle is to the school boy a research prob- 
lem is to the mature mind. Both hold forth the pros- 
pect of a mental triumph; but whereas the solution of 
a puzzle finds its sole gratification in the momentary 
triumph, the discovery of a natural law or principle, 
however subordinate, affords a lasting gratification to 
its discoverer, for he sees in it the possibility of utility 
to his fellow men throughout all time. 


Many professional men—perhaps the majority—go 
through life unthrilled by their professional work. 
They learn certain natural laws, certain rules, certain 
procedures, certain data, and these they apply as occa- 
sion arises; but how often do they engage in the attempt 
to discover some new principle or to collect and analyze 
data that may assist others in research? 


The other day the Mayo brothers announced that the 
function of the spleen had been discovered. Whereupon 
a daily newspaper editor inquired, What have all the 
doctors been doing these last 2,000 years? The ques- 
tion betrays a perhaps natural ignorance of the nature 
of most professional activity. Not one doctor in a 
thousand, we may be sure, ever discovers any new fact 
about human anatomy, or the function of a human 
organ, or a new cure of a disease. The 999 practition- 
ers “pass the buck” to the researcher. No wonder it 
has taken 2,000 years to learn the function of the 
spleen. No wonder there is no specific cure for the 
great majority of diseases. 


There has been too much worship of discoverers and 
too much talk about the baffling difficulties of research. 
While not a few scientific problems have been baffling, 
and while not a few scientists deserve all the wor- 
ship that will ever be their lot, the outstanding fact 
is that the great majority of scientific discoveries 
have involved neither the exercise of genius nor pro- 
longed toil. The editor may perhaps be pardoned for 
illustrating this statement by an experience of his own. 
As a cub editor he was asked to answer an inquiry 
from a subscriber who wished to know the heat of 
formation of a certain molecule. Search of the few 
books on thermal chemistry failed to disclose the 
answer. Letters to the leading professors of chem- 
istry were equally fruitless. But while replies were 
awaited from those letters, the editor devoted sev- 
eral evenings to a study of the nature of this ther- 
mal problem; and in the course of the study, reason- 
ing by analogy, it occurred to him that perhaps each 
atom yields its own definite quantity of heat when it 
unites with any other atom. Since experimental data 
were available to show the heat emitted during the 
formation of many molecules, it was evident at once 
taat if there were any three atoms that combined in 
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pairs to produce three different molecules whose heats of 
formation were known, then three equations could be 
written containing the three unknown but suspected 
atomic heat valencies, x, y and z, and the heat values 
of x, y and z could be deduced algebraically. Within a 
few minutes after this hypothesis was formed, the heat 
valencies of K, B and OH were deduced; and before 
midnight a table of such valencies for each of two 
dozen atoms was made. Then the truth of the deduced 
values was tested by adding the heat valency of each 
basic element to each acid element in the table, and 
checking the result against the published experimental 
data. Checking the theory against the facts showed 
such close agreement that the theory was established 
at once. (See “Investigations in Thermal Chemistry 
Showing Atomic Heat Valency,” Transactions American 
Institute of Mining Engineers, 1904, p. 702-710 and 
986-8.) By applying the theory it was possible to 
answer the subscriber’s question; and a few months 
later an experiment confirmed the correctness of the 
answer deduced from the theory. 


For the editor this experience dispelled three de- 
lusions: First, that successful research is necessarily 
a prolonged enterprise; second, that it necessarily re- © 
quires genius; and third, that it necessarily requires 
either long experience or profound training in the field 
to which it relates. The editor’s experience as a prac- 
ticing chemist was nil; his training was only that 
secured in a college course in mining engineering. 


Another delusion often deters men from even con- 
sidering the advisability of attacking a research prob- 
lem. It is the delusion that if the problem could be 
easily solved, it would have been solved long ago. Let 
every one assume this attitude, and almost no scientific 
originality would ever be exercised; for very few of us 
like to attack a research problem of great difficulty. 
Almost no one looks upon himself as a genius (and 
in that respect no error is committed), and a not much 
greater number regard themselves as capable of long 
and arduous mental toil upon research problems. But 
if it were generally known that neither genius nor 
extreme mental toil are ordinarily involved in successful 
research, we feel sure that many a professional man 
would undertake to add something to the world’s store 
of scientific knowledge. 


If a thousand were thus to utilize some of their time 
and their talents, where now a dozen are engaged, there 
is not the slightest doubt that much of great value 
would be discovered. Among these discoveries there 
would shine forth, here and there, a mental brilliancy 
that would win everlasting renown. Here and there 
some would stumble upon discoveries so great that they 
would be acclaimed geniuses in spite of their denials 
of being worthy of such classification. 


Steffanson explains Peary’s failure to see any seals 
after he passed the arctic circle by saying: ‘He wasn’t 
looking for seals.” Steffanson had to look for seals, 
because he was “living on the land” and carried no 
food or fuel; so he found seals, killed them and spent 
eight months in comparative comfort far north of the 
arctic circle. It is much the same with travelers in 
the domain of science. If they look for no “seals,” 
they may see none; and certainly they will see fewer 
than the man who is gunning for them. 
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Adams Announces Large 


Motor Grader 


A new motor grader with McCor- 
mick-Deering power and Trackson full 
crawlers has been placed on the market 
by J. D. Adams Company under the 
name of Adams motor grader No. 12. 


This new machine is similar to 
Adams motor grader No. 10 which uses 
the McCormick-Deering industrial trac- 
tor model twenty, except that the trac- 
tor is modified to use Trackson full 
crawlers. Also special transmission 
gears are used which give the tractor 
speeds of approximately 2, 3, and 4 
miles per hour. 


The McCormick-Deering tractor and 
Trackson crawlers have been success- 
fully and extensively used in combina- 
tion for a number of years, not only in 
road work but in lumber camps, oil 
fields, ete. The McCormick-Deering 
provides an engine that is simple, 
rugged and embodies several distinctive 
features such as ball bearing mounted 
crank shaft and replaceable sleeve type 
cylinders which make it one of the most 
practical and durable power units made. 
At speeds of 2, 8, and 4 miles per hour, 
the McCormick-Deering develops draw- 
bar pull approximating that of crawler 
tractors rated at 20 horse power, it is 
claimed. Trackson full crawlers gear 
this power to the ground with sure- 
footed ground-gripping crawler tracks, 
which enables the grader to work in 
sand, mud, loose dirt, etc. The McCor- 
mick-Deering-Trackson crawler combi- 
nation is economical in investment, low 
cost of operation, and maintenance. 


The outstanding features of the 
grader are an extra strong, all riveted 
frame braced against twist by large 
tubular cross members, fully machine- 
cut and enclosed gears, machine-finished 
ball and socket joints throughout, all 
Alemite fitted and adjustable for wear, 
and the Adams distinctive continuous 
hand wheel type of blade and scarifier 


control which it is claimed operates 
easier and faster than the ordinary 
type. It is also claimed that Adams 


motor graders are so designed that they 
have effective weight or cutting pres- 
sure applied to the blade, which, coupled 
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with rigidity, produces smooth and 


steady cutting. 

The crawlers do not affect the steer- 
ing of Adams motor grader No, 12 
because of the differential which is re- 
tained in the McCormick-Deering rear 
axle. It is not necessary to work 
clutches or slip the tracks in making 
short turns. Steering is made unus- 
ually easy and positive by use of a 
Ross steering gear such as is used on 
high-grade motor trucks and busses. 


This new machine is furnished with 
or without scarifier and with 10, 12, 
14, or 16 foot blade. Full particulars 
may be had by addressing J. D. Adams 
Company, Indianapolis, Ind. 





Street Marker 


These markers have taken the “bugs” 
out of street markers. The letters are 
cast aluminum and treated with a coat- 
ing of baked enamel. They are strung 
on brass rods, consequently the letters, 
rods, and signs are absolutely free from 
rust. With this sign, the letters being 


open, there is a maximum of visibility 
and with light on either side of the 





Carter-Waters New Street Signs 


sign they can be easily read. The 
smaller letters above are block numbers 
and of the same material. In addition 
to being rust proof and with maximum 
visibility they have the minimum 
weight and minimum wind resistance. 
After these signs are once erected there 
is no maintenance cost connected with 
them. They may also be placed on lamp 
posts with an aluminum band which 
saves erecting a standard for them. 
This sign is handled exclusively by The 
Carter-Waters Corporation of Okla- 
homa City. 





New Adams No. 12 Motor Grader 
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Much Needed Testing Instru- 


ment Announced 

The Olsen-Andrew road surface rater 
for detecting tue variations and indi- 
cating on a graduated scale the un- 
evenness of newly constructed road 
surfaces has just been produced by the 
Tinius Olsen Testing Machine Co. of 
Philadelphia. 

The modern specifications for high- 











Developed Olsen-Andrew Road Surface 
ter 


Newly 


way pavements limit the surface varia- 
tion. The maximum variation generally 
permitted is usually % in. plus or minus 
in 10 ft. Penalties are prescribed for 
those spots in excess of this. The road 
surface is tested to determine if this 
specification has been upheld, which has 
usually been accomplished by using an 
ordinary wooden straight-edge on the 
surface of the road, moving it half its 
length longitudinally and observing 
the surface beneath it. This method 
is very inaccurate and laborious now- 
adays when paving crews are laying 
800 to 1,000 ft. of 18-ft. road surface 
daily. 

The instrument has a high degree of 
precision. The standard rater, in the 
ten-foot length, weighs approximately 
50 Ib. and is so designed and con- 
structed as to make its transportation 
convenient. It is an ideal labor-saving 
device to detect the high and low spots 
of the road surface. The device is 
equipped with scrapers that come into 
action, telling the operator of varia- 
tions greater than a % in. plus or 
minus. It is operated by one person. 
As this rater passes longitudinally over 
the surface of a road it will detect and 
measure all irregularities on its straight 
line path. The distance between the 
“runs” may be varied as the importance 
of the observation dictates. 

Some advantages of the 
Andrew road surface rater: 

1. The public judges a road almost 
entirely by its riding qualities. The 
above device when on a job insures a 
smoother finish to the surface. 

2. This device will reduce by more 
than half the time required to straight- 
edge a road; at the same time it will 
determine from 10 to 30 per cent more 
prohibited variations. 

3. The rater is positive in detection. 

4. It is easily transported, weighing 
only fifty-five pounds. 

5. The road surface rater is easily 
adjusted in the field. Since only two 
small wooden blocks and a metal gauge 
%4 in. wide, a piece of thread and a 
pair of pliers are all that are required. 

Its length is 11 ft. height, 2 ft. 9 in., 
and breadth, 11 in. 


Olsen- 
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Sno-Bar a New Invention 

The Geo. L. Barrus Co., Lithia, Mass., 
announces the development of a new 
snow fence; simple, .Jurable, portable 
and efficient. 











Showing Sno-Bar in Place 


It is constructed of boards and steel 
standards. The standards are hinged 
at the top and spread out at the bot- 
tom. They are slotted to receive boards 
from which the fence is built. It can 
be made into a 4-ft. fence by simply 
omitting the top board. 

Enough material for 450 ft. of fence 
can be loaded onto an ordinary dump 
wagon running gear. 





A New Gravel Washer with 


Timken Bearings 


The Telsmith-Hercules gravel washer 
is a new and improved type recently 
brought out by the Smith Engineering 
Works of Milwaukee, Wis., makers of 
the Telsmith line of all-steel ball mill 
scrubbers. It is claimed to be the only 
washing device in which anti-friction 
bearings are standard equipment. 

The Telsmith-Hercules is equipped 
throughout with Timken tapered roller 























Telsmith-Hercules New Gravel Washer 


bearings, the use of which, it is as- 
serted, cuts the power consumption fully 
one third. A big sixty inch by twenty- 
four Hercules can be turned over with 
one hand. This type of bearing assures 
adequate lubrication with a minimum 
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of attention and protects bearings 
against water, sand and dirt. 

The new washer is of all metal con- 
struction and has the characteristic 
Telsmith tandem sand and pea gravel 
jacket, as well as the ball-mill scrub- 
ber which employs the coarse rock as a 
grinding agency to reduce the clay balls 
to a paste which is soon washed out. 
In the new Hercules scrubber chains 
have been added. Fastened, in fes- 
toons, to the angles in both scrubbing 
sections, they are especially valuable in 
pits which lack sufficient rock for the 
complete action of the ball mill princi- 
ple. In any case they are very effec- 
tive in rubbing out the clay bails as 
they greatly augment the ball-mill 
action. 

The rigidity of the screen barrel has 
been greatly increased by segmental 
hoops which bind the screen plates and 
longitudinal angles into a stronger and 
stiffer unit. Both hoops and perforated 
plates are drilled to template and bolted 
together. Screen sections, jacket or 
hoops are renewable without drilling or 
other machine work. 








New Short Haul Dirt Unit 
Devised 


The Highway Trailer Co. of Edger- 
ton, Wis., announces a _ self-loading, 
quick action, one man operated scraper 

















Highway Trailer’s Self-Loading Two-Wheel 
Scraper 


which they manufacture in their plant 
at Edgerton. 
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driver leaving his seat, and round after 
round can be made without stopping 
the progress of the tractor. 


The scarifier teeth are of manganese 
steel and are of the same analysis as 
a shovel tooth. 


The Highway Trailer scraper has 
been used successfully in Jefferson and 
Dane Counties, Wisconsin, for remov- 
ing treated gravel. This same gravel 
was later on used for shouldering pur- 
poses, 





New Davenport-Winchell 
Convertible Roller 


The Davenport Locomotive and Manu- 
facturing Corporation, Davenport, Ia., 
announce production of a new roller 
to be known as the Davenport-Winchell 
roller. This new equipment is designed 
for general roller service in the con- 
tracting field and for many other ap- 
plications where a light weight roller 
is found valuable. The new roller is 
built in three weights, 3%, 4% and 
5% tons. The lighter weight machine 
is adapted for golf courses, lawns, 
cemeteries, playgrounds, etc., where a 
light weight, easily handled roller is 
used for rolling turf, driveways, etc. 


A particular advantage of the Dav- 
enport-Winchell roller is that it may be 
furnished complete with power plant 
or frame and rollers may be obtained 
separately and readily attached to Ford- 
son, McCormick-Deering, or Massey- 
Harris tractors. The roller attachment 
is easily attached or detached, thus pro- 
viding either tractor or roller according 
to the requirements of the moment. 


The Davenport-Winchell roller is pro- 
vided with a number of features of 
design claimed by the manufacturer to 
be advantageous in roller operation. 
For instance, a side cranking device is 
provided which greatly facilitates start- 
ing the motor. The seat location pro- 
vides the operator with unobstructed 
view. An improved worm and segment 





The scraper pan is carried on an 
axle in a channel steel frame, supported 
by two wheels, and hooked to the trac- 
tor by a drawbar and pin. Power is 
taken from the rear of the tractor and 
transmitted to the transmission of the 
scraper by means of a compound uni- 
versal joint and drive shaft. By the 
use of two levers, the power is dis- 
tributed to the rakers by sprockets and 
chains, and to raising and lowering the 
pan by means of steel cables winding 
in sheaves. 











When ready to load, the pan is low- 
ered to the desired depth; and the rak- 
ers pull the dirt back from the bit, 
rising with it. When the pan is full 
it is upended, wheeled any desired dis- 
tance, and a pull of the rope releases 
the latch of the dumping door. 


All of this takes place without the 


New Davenport-Winchell Roller 


steering gear makes steering rapid and 
easy. The front roller is divided equally 
into four sections, giving a differential 
action which facilitates turning. An 
improved non-rigid cradle connecting 
roller frame to tractor rear axle keeps 
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power plant in constant alignment, 
eliminating twist when operating over 
uneven ground. 


In making this new addition to their 
line of contractor equipment, the build- 
ers of the Davenport-Winchell roller 
feel they have a versatile, general pur- 
pose machine that will meet the re- 
quirements on practically every type of 


job. 
SS ee 


Foote Announces New Power 
Operator 


A new system of paver control which 
is intended to make possible the advan- 
tages of automatic operation and at the 
same time overcome the disadvantages 
which arise from a rigidly fixed oper- 
ating cycle by enabling the operator to 
coordinate the mixing cycle with other 
operations whenever necessary is a fea- 
ture of the 1929 MultiFoote paver. 


The new system of control, which is 
known as the Power Operator, enables 
the operator to have mechanical opera- 
tion when he wants it, thereby clipping 
every possible second off the operating 
cycle and at the same time enables him 
to take advantage of conditions caused 
by auxiliary equipment being late or 
early in coordination with the mixer. 


As has always been the practice on 
Foote pavers the control levers are 
grouped and arranged within easy reach 
on the high operating platform which 
has characterized the MultiFoote. The 
Power Operator is mounted about waist 
high left center of the platform and 
consists of two small levers. The shaft 
on which the levers are mounted is so 
geared that it oscillates back and forth 
one-fourth of a revolution. It is fitted 
with two cams, one for each lever so 
that when either of the small operating 
levers are moved they engage in one 
of the notches on the cam and the 
movement of the cam itself actuates 
the clutch. 


This arrangement gives extremely 
easy operation of the controls and re- 
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lieves the operator of practically all 
effort, the levers being so light “on the 
trigger” that they can be actuated with 
the little finger. The light operation 
aids materially in speeding up opera- 
tion of the controls and makes the 
throwing in and out of the clutches al- 
most instantaneous. 


Another feature of the Power Oper- 
ator is the fact that the operation has 
full control of the mixing cycle at any 
point. For example, the skip can be 
stopped when it is half way up and 
raised or lowered from any position and 
at any time the operator desires. This 
enables the operator to time his cycle 
so that it will work out to the best ad- 
vantage and coordinate with the other 
factors on the job. 


_— 
>_> 





Tinius-Olsen Announces 
Portable Beam Tester 


A new portable concrete beam test- 
ing machine has just been developed 
by the Tinius Olsen Testing Machine 





New Olsen Concrete Beam Testing Machine 


Co. of Philadelphia. The beam to be 
tested is 6 in. by 6 in. in section and 
approximately 36 in. in length. 


The load applied at either 10 inches 
or 12 inches from the point of support 
as desired. The beam is inserted in the 
machine and adjusted for alignment or 
for removal of specimen by operating 
a handwheel. The load is then applied 
by operating a horizontal handwheel 





MaultiFoote Power Operator 
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until rupture occurs, when the maxi- 
mum load is indicated by a set pointer 
on the dial. The maximum load that 
can be indicated or the capacity of the 
machine is 1,000 lb. Stops are provided 
to protect the instrument at the rup- 
ture point of the specimen and points 
covered whereby this equipment wili 
give service under the conditions under 
which it will be used in the field. 


To facilitate the use of this machine 
in the field, it is also mounted on 
wheels, which makes it very convenient 
to move from place to place. 


Its length is 5 ft. 8 in., breadth, 2 ft. 


1 in., height, 2 ft. 10 in., and weight, 
450 Ib. 





New Highway Guard Devised 


An all-steel highway guard to be 
mounted on steel, concrete or wooden 
posts has just been announced by the 
Standard Iron Works of Scranton, Pa. 
StandCo highway guard can also be 
mounted on concrete or stone walls, on 
bridge handrailing or bridge abutments. 


The guard is set up 10 in. from the 
supports and is suspended with chains, 
these chains work in unison with 
springs and bolts and together a cush- 
ioning action is provided. A 10-in. by 
%4-in. steel guard plate disposed length- 
wise of the highway is reinforced with 
an angle bar secured to the inner face. 
The guard plate is supported with 1-in. 
bolts and a tension chain which is ad- 
justable. The springs mounted on each 
bolt provide a cushioning action when 
impacted by the tire or hub of any au- 
tomobile or truck. 

















. . 


How StandCo Highway Guard Is Installed 
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